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ABSTRACT 
 
 Lakes are important ecological and recreational resources and understanding 
relationships between fish, humans, and environmental conditions is critical for guiding and 
evaluating management activities.  We examined fish populations, limnological conditions, 
lake basin morphology, and watershed characteristics in 129 Iowa lakes.  Our purpose was to 
evaluate patterns in population characteristics of important fish species in relation to 
environmental conditions.  Fish populations and environmental characteristics were sampled 
using standard techniques from 2001-2006.  Bluegill Lepomis macrochirus and largemouth 
bass Micropterus salmoides abundance was highest in systems with high water transparency 
and nutrients, while black crappie Pomoxis nigromaculatus abundance was positively related 
to mean lake depth and white crappie P. annularis abundance was negatively related to 
Secchi depth.  Catch rates of bluegill, black crappie, and largemouth bass were generally low 
when omnivores (e.g., black bullhead Ameiurus melas, common carp Cyprinus carpio) were 
present.  Body condition of the study species was highest in highly productive lakes (i.e., 
high nutrient or chlorophyll a concentrations) with clear water.  Bluegill and largemouth bass 
condition and bluegill growth showed evidence of density dependence as relative abundance 
estimates negatively influenced condition and growth variables.  Watershed-to-lake area ratio 
was the most frequently included variable in models explaining growth and was negatively 
related to growth of bluegill, black crappie, and white crappie.  Common carp growth was 
fastest in systems with clear water.  This study suggests that high water transparency 
generally resulted in high relative abundance, good condition, and fast growth of sport fishes 
in Iowa’s highly productive lakes.  We also found evidence that reductions of the abundance 
of black bullhead and common carp may benefit sport fishes in many systems.  Furthermore, 
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harvest regulations that result in increased densities of bluegill, largemouth bass, and black 
crappie should be expected to negatively influence condition and growth of these species.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
INTRODUCTION 
 Lakes provide many valuable services including recreation (e.g., angling, boating), 
flood control, and water sources for agricultural, industrial, and municipal uses.  Maintaining 
the values and services of lakes requires protecting their water quality and managing 
biological communities.  Water quality issues in Iowa and throughout the United States are 
receiving increased attention and water quality improvements are needed to meet both short- 
and long-term conservation goals (Simon 1999).  Growing public concern about water 
pollution in the 1970s led to enactment of several amendments that set national objectives to 
“restore and maintain the chemical, physical, and biological integrity of the Nation’s waters” 
(USEPA 1990).   Despite water protection laws, aquatic systems continue to be degraded 
(Baron et al. 2002).  In particular, excessive sediment and nutrient inputs from agricultural 
and urban areas (i.e., anthropogenic eutrophication) continue to be major causes of habitat 
and water quality degradation (Carpenter et al. 1998; Downing et al. 1999).   
Anthropogenic eutrophication of freshwater systems is common throughout the world 
(Bennett et al. 2001) and is of particular concern in Iowa (Egertson and Downing 2004).  For 
example, the Iowa Department of Natural Resources’ (IDNR) 2006 impaired waters list 
includes 46 of Iowa’s 132 principal recreation lakes, 30 of which are impaired due to issues 
associated with high levels of sediment and nutrients (IDNR 2007).  The effects of 
eutrophication on fish assemblages are complex and can be viewed along a gradient that 
varies from slightly beneficial to extreme degradation.  Conditions indicative of 
eutrophication (e.g., chlorophyll a, total phosphorous, total nitrogen) have been shown to 
increase fish production, which may be viewed as positive in some regions (Hanson and 
Leggett 1982; Caddy et al. 1995; Bachmann et al. 1996).  Yurk and Ney (1989) found that 
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fish standing stock was positively correlated with total phosphorus in Appalachian reservoirs.  
Similarly, chlorophyll a was positively related to fish production and yield in Iowa reservoirs 
and Missouri lakes (Jones and Hoyer 1982).  Given these relationships, fertilization of 
oligotrophic and mesotrophic waters has been used as a tool for increasing sport fish 
abundance in ponds, lakes, and reservoirs in some regions of North America (Metzger and 
Boyd 1980; Meyer et al. 1993; Budy et al. 1998).  For instance, Grayson Lake, Kentucky was 
artificially fertilized to improve largemouth bass populations and resulted in increased 
reservoir productivity and largemouth bass densities (Buynak et al. 2001).  
While nutrients may be beneficial for fish production in some systems, eutrophication 
can lead to dramatic and undesirable alterations in fish assemblage structure.  Once a shift in 
fish assemblage structure has occurred, restoring the fish assemblage may be difficult or 
impossible because many species that increase in abundance following eutrophication may 
perpetuate eutrophication problems through resuspension of nutrients via excretion and 
foraging behaviors (Andersson et al. 1978; Breukelaar et al. 1994; Sidorkewicj et al. 1999).  
Consequently, eutrophication often results in reduced abundance of sight-feeding predators 
(Bays and Crisman 1983; Persson et al. 1988; Jeppesen et al. 2000) and high densities of 
omnivorous species (Yurk and Ney 1989; Persson et al. 1991; Bachman et al. 1996; Jeppesen 
et al. 2000).  Given the potential problems associated with eutrophication, many state and 
federal programs (e.g., Environmental Protection Agency’s Clean Lakes Program) focus on 
limiting anthropogenic nutrient enrichment of public waters.  Conversely, others have 
warned against dramatic reductions in nutrient delivery to lakes and the potential decline in 
fish abundance and condition (Axler et al. 1988; Ney 1996; Maceina et al. 1996; Maceina 
and Bayne 2001).  Because relations between nutrients and fish populations are complex and 
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not fully understood, additional knowledge about these relationships is needed to properly 
manage lake systems. 
The ecology and population dynamics of warmwater sport fish species in the United 
States have been extensively studied; however, information is lacking about linkages 
between fish and water quality in highly agricultural areas.  Several studies have investigated 
fish population dynamics in response to nutrients, but results are often inconsistent.  Some 
research has found that fish abundance, body condition, and growth are positively related 
with physicochemical habitat, vegetation, and temperature (Hanson and Leggett 1982; 
Theiling 1990; Tomcko and Pierce 2001), while other studies have shown opposite patterns 
(e.g., Paukert et al. 2002).  Although relationships between environmental factors and fish 
population dynamics have been investigated at small spatial scales (Guy and Willis 1991; 
Brown et al. 1999; Paukert and Willis 2004), comparatively few studies have focused on 
population characteristics (e.g., size structure) and dynamics (e.g., growth) across many lakes 
with a diversity of physicochemical habitat, watershed, and lake basin characteristics.  Due to 
an increased focus on water quality issues, a greater understanding is needed of how fish 
population dynamics are affected by water quality in intensively-cultivated areas.  Thus, the 
purpose of this study was to describe fish population characteristics and examine relations 
between fish population dynamics and limnological conditions in Iowa lakes. 
 
METHODS 
Iowa has a land area of approximately 14.5 million ha, 82% of which is used for row-
crop agriculture (USDA 2000).  Of the 243 public lakes in Iowa, 132 have been identified by 
the IDNR as principal recreation lakes.  Data collected from 129 of Iowa’s principal 
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recreation lakes during 2001-2006 were used for this study and correspond to those lakes 
sampled as part of other efforts focused on assessing water quality in Iowa (Downing et al. 
2005).  Fish were sampled using standard methods including DC electrofishing and 
modified-fyke nets (IDNR 1995).  Electrofishing was conducted during the day in 15-minute 
runs.  Guidelines for electrofishing were 30 to 90 minutes of electrofishing in lakes <40 ha, 
60 to 120 minutes in lakes 40 to 200 ha, and >90 minutes in lakes >200 ha.  Fyke nets had a 
12.2 m lead line, two 0.6 m × 1.2 m frames, and seven 0.6-m diameter hoops enclosed with 
19-mm bar mesh netting.  Fyke nets were fished overnight and processed the following day 
(i.e., a net night).  Guidelines for fyke net sampling were 3 to 15 net nights in lakes <40 ha, 5 
to 20 net nights in lakes 40 to 200 ha, and 7 to 28 net nights in lakes >200 ha.   
 Each of the 129 lakes was sampled at least once during the 2001-2006 sampling 
period.  The most recent sampling data were used when more than one sample was available 
for a lake.  Sampling was conducted during September-October; however, supplemental 
spring sampling was conducted in some lakes to obtain additional structures for age and 
growth analysis.  Fish species included in the analyses were those that are recreationally 
important (i.e., bluegill Lepomis macrochirus, largemouth bass Micropterus salmoides, black 
crappie Pomoxis nigromaculatus, white crappie P. annularis) or have been shown to 
influence water quality (i.e., black bullhead Ameiurus melas, common carp Cyprinus carpio).  
Not only are these species important from recreational and ecological standpoints, but these 
species were the only species that were sampled consistently across lakes.   
A minimum of 50 stock-length or longer fish of each target species from each lake 
were measured to the nearest 2.5 mm and weighed to the nearest gram (Table 1).  Additional 
fish were counted.  Structures were collected from fish for age and growth analysis following 
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standard methods (Table 1; DeVries and Frie 1996).  Other structures were collected from 
many of these species (i.e., otoliths); however, these structures were not used in the analysis 
because they either provided results similar to the structures in Table 1 or because the 
structures provide unreliable age estimates.  For example, scales provided nearly identical 
age estimates as otoliths for bluegill, black crappie, white crappie, and largemouth bass (J. 
Larschied, IDNR, unpublished information).  Scales and dorsal spines were collected from 
common carp, but dorsal spines were used in our analysis because they provide more precise 
age estimates (Jackson et al. 2007).   
A full suite of limnological parameters were measured, including measures of 
dissolved oxygen, nutrients (e.g., total phosphorus, soluble reactive phosphorus, total 
nitrogen, ammonia nitrogen ionized, ammonia nitrogen unionized), pH, suspended solids 
(e.g., total suspended solids, volatile suspended solids), turbidity, specific conductivity, 
chlorophyll a, alkalinity, and silica.  Water samples were collected from each lake three 
times per year between mid-May and mid-August as integrated samples of the epilimnion.  If 
a thermocline was absent, the entire water column was sampled.  Water samples were stored 
at 4°C and analyzed within 2 days.  Samples were processed and analyzed using standard 
methods; specific analytical techniques can be found in Downing et al. (2005).  Data 
describing lake basin characteristics were obtained from Bachmann et al. (1994) and 
included information on lake surface area and mean depth.  Watershed characteristics, 
including the ratio of watershed area to lake surface area and percent of the watershed as 
row-crop agriculture, were calculated using IDNR land-use data (M. Hawkins, IDNR, 
unpublished data). 
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A variety of summary statistics (e.g., mean, median, variance, minimum, maximum) 
were calculated to provide a description of fish populations in the study lakes.  Specifically, 
summary statistics focused on estimates of relative abundance, size structure, body condition, 
and growth of the study species.  Catch-per-unit-effort (CPUE) was estimated as the number 
of all fish (CPUEAll) and CPUE of quality-length fish (CPUEQ; see Table 1 for minimum 
quality length) for bluegill, black crappie, and white crappie (CPUE = number / fyke net 
night), and largemouth bass (CPUE = number / hour of electrofishing).  Estimates of 
abundance for black bullhead and common carp were calculated as CPUE of all fish by 
weight (CPUEWeight = kilograms / fyke net night).  Catch rates for black bullhead and 
common carp were also examined by number, but patterns were nearly identical to those 
observed with CPUEWeight.  In addition, using CPUEWeight for these species is consistent with 
previous investigations in Iowa lakes and is commonly used by IDNR to evaluate black 
bullhead and common carp populations (e.g., Egertson and Downing 2004).  Abundance 
estimates were also calculated by combining CPUE information from the omnivorous study 
species [i.e., black bullhead and common carp (CPUEOMN); Poff and Allan 1995].  Size 
structure was assessed for each population by calculating proportional size distribution [PSD 
= 100 × (number of fish of quality length or larger / number of fish of stock length or larger); 
Anderson and Neumann 1996; Guy et al. 2007].  Stock and quality lengths were obtained 
from Anderson and Neumann (1996) and are presented in Table 1.  Body condition was 
evaluated for individual fish in each population using relative weight [Wr = 100 × (observed 
weight / length-specific standard weight); Blackwell et al. 2000] and averaged to generate 
mean Wr values for each population.  Standard weight equations and minimum applicable 
lengths were obtained from Anderson and Neumann (1996). 
 
7
Growth rates of fishes sampled from the study lakes were also described.  Age and 
growth of each individual was estimated using standard processing and analysis techniques 
(DeVries and Frie 1996).  The Fraser-Lee method was used to estimate mean back-calculated 
length at age for fish aged with scales using a standard-intercept value (Carlander 1982).  
Mean back-calculated length at age for fish aged with spines was estimated using the direct 
proportion method (DeVries and Frie 1996).  Populations with fewer than 30 individuals and 
species with fewer than 20 populations of at least 30 individuals were excluded from age and 
growth analyses.  Growth of black bullheads was not investigated because there were only 18 
populations with at least 30 individuals.  Summary statistics included mean back-calculated 
length at age, years to reach quality-length (YrsQ), and mean relative growth index (RGI is 
the observed length divided by the predicted age-specific standard length; Quist et al. 2003; 
Jackson et al. in press).  Years to reach quality-length was estimated using a von Bertalanffy 
growth model (Haddon 2001).   
 Multiple-linear-regression analysis was used to describe patterns among the study 
lakes and provide guidance for management activities (Sokal and Rohlf 1995).  Specifically, 
multiple regression was used to model relations between fish population characteristics (e.g., 
CPUEAll, CPUEQ, RGI, YrsQ, Wr, PSD) and physicochemical habitat and watershed 
characteristics.  Explanatory variables for the regression models were selected based on 
knowledge of their importance to the ecology and management of the study species.  Catch-
per-unit-effort of stock-to-quality length largemouth bass (CPUESQ = number / hour of 
electrofishing) was included in several models to provide insight on potential predator-prey 
interactions.  Black bullhead, common carp, and omnivore relative abundance were also 
included in models to explain potential interactions with sport fishes.  Lastly, CPUE of a 
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species was included as an independent variable in models containing a measure of growth or 
condition to help identify potential density-dependent interactions.  Data were not normally 
distributed (Shapiro-Wilks test; P<0.0001); therefore, data were transformed to better meet 
the assumptions of normality (Sokal and Rohlf 1995; Draper and Smith 1998).  Estimates of 
CPUE were log10 (CPUE + 1) transformed, proportions (e.g., percent row crop, PSD) were 
arcsine square root transformed, and other variables (e.g., total suspended solids, total 
phosphorus, Secchi depth) were log10 transformed (Sokal and Rohlf 1995; Guy and Brown 
2007).  Squared terms for several variables (i.e., total phosphorus, total nitrogen, Secchi 
depth) were also included in models to account for possible nonlinear relationships.  
Stepwise-multiple regression was used to determine which variables explained most of the 
variation in the dependent variables using a backward selection procedure.  The contribution 
of individual variables to models was tested using F-tests, and were limited to variables that 
contributed significantly to the model (P ≤ 0.10).  Models containing more than one 
independent variable were compared to reduced models by evaluating reductions in the 
coefficient of determination (R2; Ott 1993).  Partial correlation coefficients (partial R2) were 
computed to evaluate the contribution of each independent variable to the model.  
Independent variables were examined for collinearity using Pearson correlation coefficients.  
Variables were removed from models if they had significant Pearson correlations.  When 
variables were highly correlated, the variable that had management or regulatory implications 
was retained in the analysis.  Models explaining variation in size structure were not 
significant (P > 0.10).  Summary statistics were calculated and regression analyses were 
conducted using SAS (SAS Institute 1996).   
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 Fish population characteristics were further examined using nonmetric 
multidimensional scaling (NMDS; Miranda 2005; Lapointe et al. 2006).  Nonmetric 
multidimensional scaling is a multivariate technique that summarizes data by producing a 
low-dimensional ordination space where similar population characteristics (e.g., species 
abundance) and samples (e.g., lakes) are plotted near each other and dissimilar characteristics 
and samples are positioned apart (Miranda 2005).  Rank order information is used to identify 
similarities within the data (Kenkel and Orloci 1986).  This technique first ordinates species 
data (e.g., species abundance), and then overlays environmental data (e.g., physicochemical 
habitat data) based on correlations with species data.  Nontransformed abundance and 
environmental data were used because NMDS is robust to nonnormal data (McCune and 
Grace 2002).  The Sorenson distance measure and random starting configurations were used 
for the NMDS analyses (McCune and Mefford 2006).  Number of dimensions was 
determined when reductions in stress diminished with additional axes.  Pearson correlations 
were used to evaluate associations between fish population characteristics (i.e., NMDS 
scores), physicochemical conditions, lake morphology, and watershed data.  The NMDS 
analysis was conducted using PC-ORD (McCune and Mefford 2006).   
 
RESULTS 
 Lakes examined in this study varied in surface area from 4 to 2,174 ha, had 
watershed-to-lake area ratios from less than 0.5 to about 290, and had mean depths from 
about 1 to 12 m (Table 2).  Nutrient concentrations and percent of the watershed in row-crop 
agriculture were generally high (e.g., total phosphorus ≥ 100 ug/L, row-crop > 40%) and 
Secchi depth was typically low (i.e., < 1.5 m) across Iowa lakes.  A total of 113,103 fish were 
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sampled representing 10 families and 44 species.  The study species accounted for 68% of all 
fish sampled.  Catch rates for individual species or groups of species varied from 0.0 to 393.3 
fish per hour of electrofishing, 0.0 to 91.2 fish per fyke net night, and 0.0 to 118.2 kg per 
fyke net night (Table 2).  Proportional size distribution varied from 0 to 100, and Wr varied 
from 72 to 135.  Of the fish sampled in this study, 27,702 were aged and had mean RGI 
values from 71 to 162 among lakes.  Mean Wr and RGI values were near 100, indicating 
good body condition and fast growth for most species. 
 Pearson correlation coefficients showed that several environmental variables were 
correlated (Table 3).  Consequently, correlated variables were removed from models.  Fish 
population dynamics were related to a variety of abiotic and biotic variables (Table 4; 
Figures 1–7).  The coefficient of determination (R2) varied from 0.09 to 0.68 among all 
models.  Models were significant (P = <0.001 to 0.099) for all dependent variables, except 
for CPUE of quality-length black crappie, black crappie and white crappie Wr, common carp 
RGI, and all PSD models.  Secchi depth (8 of 29 models), abundance of omnivores (7 
models), and watershed-to-lake area ratio (5 models) were the most common variables in the 
regression models, but other variables like total phosphorus and the percentage of row-crop 
in the watershed were also important for some species (Table 4). 
 Catch rates of fishes were influenced by a common suite of variables, and models 
explained 12 to 44% of the variance in CPUE across species (Table 4).  Independent 
variables frequently included in models were Secchi depth and abundance of omnivores.  
Secchi depth was positively related to the abundance of largemouth bass (all fish) and 
negatively related to black crappie and white crappie abundance (Figures 5–7).  Abundance 
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of omnivores was an important variable for several species and was negatively related to 
catch rates of bluegill, black crappie, and largemouth bass.   
 Regression models explained 11 to 37% of the variation in body condition across 
species (Table 4).  Similar to relative abundance, Secchi depth was an important variable 
regarding body condition of the study species; however, relations were all positive (Figures 
1–7).  Bluegill and largemouth bass catch rates were important for explaining variation in 
body condition of the respective species, where CPUE was inversely related to Wr (Figures 4 
and 7). 
 Models explained 9 to 68% of the variation in growth (i.e., RGI, YrsQ).  Watershed-
to-lake area ratio was the most frequent variable in models and was negatively related to 
growth.  Specifically, watershed-to-lake area ratio was negatively related to bluegill, black 
crappie, and white crappie RGI and positively related to bluegill and white crappie YrsQ 
(Figures 4–6).  Fast growth is indicated by high RGI values and low YrsQ; therefore, patterns 
were consistent between growth variables.  Bluegill catch rates were inversely related to 
bluegill RGI and YrsQ (Figure 4) and omnivore abundance was positively related to growth 
parameters of largemouth bass (Figure 7). 
 Nonmetric multidimensional scaling was used to provide additional insight on 
relations between species and environmental characteristics.  Because growth and body 
condition data were not available for all species across all lakes, only the abundance data 
were included in the analysis.  A two-dimensional ordination was produced that explained 
93% of the variation in the abundance data (Table 5).  Catch rates of all fish plotted closely 
to CPUE of quality-length fish for each species (Figure 8).  Axis loadings demonstrate gross 
relationships between species abundance across lakes.  Total suspended solids, percent of the 
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watershed in row-crop agriculture, and total phosphorus were negatively correlated to Axis 1 
and Axis 2 and acted similarly in explaining variation in species abundance (Table 6).  
Secchi depth and mean depth were positively correlated with both axes, demonstrating 
opposite influences to species abundance as those exhibited by total suspended solids and 
total phosphorus.  Similar to the regression models, abundance of common carp, black 
bullhead, and omnivores were positively related with high levels of total phosphorus and 
total suspended solids, and high bluegill and largemouth bass catch rates were associated 
with high Secchi depths, high mean depths, and low densities of common carp and black 
bullhead (Figure 8).   
 
DISCUSSION 
Restoration and management of water quality have become increasingly important in 
recent years due to water quality conditions that cause recreational safety issues (e.g., low 
transparency) or human health concerns (cyanobacteria blooms; Codd et al. 1999; Codd et al. 
2005).  Nonconsumptive lake users (e.g., boaters, swimmers, nature viewers) generally prefer 
clear water, while anglers often benefit from nutrient-rich conditions and associated fish 
standing stocks (Maceina et al. 1996; Ney 1996; Bonvechio and Bonvechio 2006).  
Consequently, achieving a compromise between water clarity and fish production is a 
necessary, albeit difficult, task for multiple-use lakes and reservoirs.  Despite these 
differences, understanding the relations between fish and water quality is critical for guiding 
management.  Although many of the models developed in this study did not always explain a 
high proportion of the variation in fish population characteristics, the general patterns were 
consistent across models despite a diversity of habitats and fish species.  
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Many studies have investigated the effects of anthropogenic eutrophication on lake 
systems, including increases in nuisance macrophytes and algae, and alterations in fish 
assemblage structure (Andersson et al. 1978; Persson et al. 1991; Egertson and Downing 
2004).  Some studies have shown that fish biomass increases with eutrophication (Hanson 
and Leggett 1982; Bachmann et al. 1996).  For instance, Ney (1996) showed strong positive 
relationships between total phosphorus and fishery productivity, and argued that reversal of 
the eutrophication process may negatively influence recreational fisheries.  In contrast, many 
studies have suggested that eutrophication can lead to dramatic alterations in fish assemblage 
structure, most of which may be undesirable.  Examples include reductions in sight-feeding 
piscivorous fishes (Bays and Crisman 1983; Persson et al. 1988; Jeppesen et al. 2000) and 
replacement by omnivorous species (Yurk and Ney 1989; Persson et al. 1991; Bachman et al. 
1996; Jeppesen et al. 2000) as nutrient concentrations increase.  Previous research on Iowa 
lakes found that common carp were the only species that increased in abundance as lakes 
became more eutrophic (Egertson and Downing 2004).  Fishery managers in Iowa and 
throughout North America have used population control of common carp and similar species 
to manage recreational fisheries (Bulow et al. 1988; Verrill and Berry 1995; Cailteux et al. 
2001).  Results of our research support these efforts in that successful control of common 
carp and bullhead densities may increase the abundance of several sport fish species in Iowa 
lakes.  Although fish population characteristics were related to a variety of abiotic and biotic 
conditions, water clarity appeared to be the most important variable for the study species in 
Iowa lakes. 
Fish populations were closely associated with water clarity in Iowa lakes.  Water 
transparency can be affected by a number of factors, including suspended inorganic and 
 
14
organic particles and plankton (McMahon et al. 1996; Wetzel 2001).  As such, reduced water 
transparency can result from increased phytoplankton densities associated with increased 
nutrient concentrations as well as high sediment levels, which may limit primary production 
and fish production (Jones and Hoyer 1982; McMahon et al. 1996).  For example, larval 
crappie abundance was negatively related to turbidity in Rathbun Lake, Iowa (Mitzner 1991).  
In the present study, black crappie and white crappie abundance was negatively related to 
Secchi depth, while bluegill and largemouth bass abundance was positively related to water 
clarity.  Thus, our data suggest that bluegill and largemouth bass show a stronger preference 
for high water transparency than black crappie and white crappie.  Knowledge regarding the 
influence of physicochemical habitat characteristics on abundance is important; however, 
body condition and growth provide more detailed measures of fish population dynamics and 
understanding their relations with abiotic and biotic characteristics is critical for 
management.   
Condition and growth are important characteristics of fish population dynamics.  
Body condition provides a measure of the physiological health and can be used to evaluate 
ecological conditions and management practices (Wege and Anderson 1978; Murphy et al. 
1991).  Fish growth is important because it provides an integrated evaluation of 
environmental conditions, and may reflect potential problems (e.g., poor water quality) or 
provide feedback on management practices (e.g., Momot et al. 1977; DeVries and Frie 1996).  
As with other characteristics of fish population dynamics in Iowa lakes, body condition of 
several species was positively related with water transparency (e.g., black bullhead, common 
carp), while other species showed significant relations with nutrients or variables indicative 
of high nutrient concentrations like chlorophyll a (e.g., bluegill, black crappie, largemouth 
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bass).  Research from a Georgia reservoir found a decline in Wr values of largemouth bass 
accompanying reservoir oligotrophication (Maceina and Bayne 2001).  In Alabama, Maceina 
et al. (1996) showed that largemouth bass and spotted bass Micropterus punctulatus body 
condition was higher in eutrophic reservoirs than in oligo-mesotrophic reservoirs.  DiCenzo 
et al. (1995) also reported that Wr values of spotted bass were significantly higher in 
eutrophic reservoirs than oligotrophic reservoirs in Alabama, but were negatively correlated 
with Secchi depth.  In contrast to DiCenzo et al. (1995), Secchi depth was positively 
correlated with black bullhead and common carp Wr in our study.  While few studies have 
investigated relations between fish growth and limnological characteristics of lakes over a 
large spatial scale, growth of fishes in our study was influenced by both water clarity and 
nutrients.  An investigation in Alabama and Georgia reservoirs found that black bass growth 
rates were similar across trophic gradients, while white crappie and black crappie growth was 
faster in eutrophic lakes (Bayne et al. 1994).  Additional research from Alabama reservoirs 
showed that growth of largemouth bass and spotted bass was faster in eutrophic reservoirs 
than in oligo-mesotrophic reservoirs (Maceina et al. 1996).  Tomcko and Pierce (2001) found 
a positive relationship between water clarity and bluegill growth.  Bluegill growth in our 
study was not significantly correlated with Secchi depth, but common carp and white crappie 
growth was fastest in lakes with high Secchi depths.  While abiotic interactions are major 
factors influencing fish population dynamics in many systems, biotic interactions also 
appeared to be important in Iowa lakes. 
Sport fish abundance often declines and omnivorous fish abundance often increases 
with eutrophication (Bays and Crisman 1983; Persson et al. 1988; Jeppesen et al. 2000).  
High densities of common carp and black bullhead often reduce numbers of benthic fauna, 
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plankton, and water transparency, and increase chlorophyll a concentrations (Andersson et al. 
1978; Braig and Johnson 2003).  In addition to resuspending nutrients via excretion and their 
foraging behavior (Andersson et al. 1978; Breukelaar et al. 1994; Sidorkewicj et al. 1999), 
common carp may directly consume or uproot aquatic vegetation while foraging for 
invertebrates (Sidorkewicj et al. 1999; Hinojosa-Garro and Zambrano 2004; Pinto et al. 2005; 
Miller and Crowl 2006).  Direct and indirect (i.e., decreased water clarity) effects of common 
carp on aquatic macrophytes further contribute to aquatic ecosystem degradation (Panek 
1987; King et al. 1997; Lougheed and Chow–Fraser 1998; Barton et al. 2000).  
Consequently, lakes and reservoirs dominated by common carp often have few sight-feeding 
fishes (e.g., centrachids).  Andersson et al. (1978) reported that symptoms of eutrophication 
(e.g., high nutrient concentrations, cyanobacteria blooms, high pH, and low water 
transparency) appeared in enclosures with dense populations of omnivorous fish species in 
Swedish lakes and enclosures void of these species were oligotrophic.  While the precise 
mechanisms through which omnivorous species interact with sport fishes in Iowa remain 
unknown, abundance of common carp and black bullhead was negatively related to catch 
rates of bluegill, black crappie, and largemouth bass in Iowa lakes.  In addition to possible 
direct or indirect interactions among species, intraspecific interactions also seemed to be 
important with respect to fish population dynamics. 
Density-dependent interactions are important to the ecology and management of 
fisheries resources.  Growth and condition of fishes have been shown to be negatively related 
to density (Backiel and Le Cren 1978; Walters and Post 1993; Byström and García-Berthou 
1999).  For example, condition and back-calculated lengths at age of bluegill were inversely 
related to their density in Wisconsin lakes (Wiener and Hanneman 1982), and Pope et al. 
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(2004) found that white crappie growth was negatively related to density in Texas reservoirs, 
at least at young ages (i.e., < age 4).  Regulation of harvest (e.g., length limits) is a means of 
minimizing the negative effects of density-dependence in recreational fisheries (e.g., Colvin 
1991; Miranda and Allen 2000).  For instance, harvest restrictions, or lack thereof, are often 
used to improve growth, condition, or yield by manipulating adult density (Allen and 
Miranda 1995; Sass et al. 2004).  Traditional pond management strategies are based on 
density-dependent interactions, which predict that panfish (e.g., bluegill) grow faster and are 
in better condition in systems with high predator densities (e.g., largemouth bass) that 
decrease panfish densities (Novinger and Dillard 1978).  We included catch rates of 
largemouth bass in panfish models (i.e., bluegill, black crappie, white crappie), and although 
largemouth bass likely influenced population characteristics of panfish in individual lakes, 
we did not observe a general pattern across Iowa.  Rather, patterns suggesting density-
dependent growth and condition were observed in Iowa lakes where the relative abundance 
of bluegill, largemouth bass, and black crappie was negatively related to their condition (i.e., 
Wr) and growth (i.e., RGI, YrsQ).  Interestingly, panfish populations are not regulated with 
bag limits or length limits in Iowa lakes.  As such, high densities are most likely due to high 
productivity and any harvest regulation that increases density should be avoided for most 
Iowa lakes. 
While we still have much to learn about the relations between fish, nutrients, water 
clarity, and other characteristics (e.g., aquatic macrophytes) of Iowa lakes, results of this 
study provide important insight on the management of lake systems in agriculture-dominated 
landscapes.  Agriculture has been shown to increase sediment and nutrient inputs to aquatic 
systems and negatively impact fish communities (Wang et al. 1997; Lammert and Allan 
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1999; Stauffer et al. 2000).  Specifically, agricultural land use has been linked to significantly 
reduced fish abundance and species diversity (Roth et al. 1996; Allan et al. 1997; Walser and 
Bart 1999).  Relatively high nutrient concentrations or high water transparency were 
positively related to most measures of abundance, body condition, and growth of sport fishes 
in Iowa lakes.  Therefore, any direct or indirect factor that influences water clarity should be 
expected to have an influence on fishes in Iowa lakes.  Future research should focus on 
providing a better understanding of how biotic communities and limnological characteristics 
are related.  In particular, understanding the relations between plankton dynamics, aquatic 
macrophytes, non-game fishes, and limnological characteristics should be a high priority to 
help guide management activities.   
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Table 1. Stock lengths (cm), quality lengths (cm), aging structures, and number of fish used for age estimation of six fish species 
sampled from 129 Iowa lakes, 2001-2006. 
Species  Stock length a Quality length a Aging structure Sample size for aging structures 
Black bullhead   15 23 pectoral spine ≥5 fish per 1.25 cm group 
Black crappie   13 20 scale ≥5 fish per 1.25 cm group 
Bluegill   8 15 scale ≥5 fish per 1.25 cm group 
Common carp   28 41 dorsal spine ≥5 fish per 2.5 cm group 
Largemouth bass   20 30 scale ≥5 fish per 2.5 cm group 
White crappie   13 20 scale ≥5 fish per 1.25 cm group 
a Values obtained from Anderson and Neumann (1996)
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Table 2.  Physicochemical habitat and fish population characteristics sampled from 129 Iowa lakes, 2001-
2006.  Mean, median, standard deviation (STD), minimum (Min), and maximum (Max) values are 
provided as an indication of the variation among lakes.  Catch-per-unit-effort is presented as 
kilograms per fyke net night (kg/NN), number per fyke net night (number/NN), or number per hour 
of electrofishing (number/hour).   
Variables Mean Median STD Min Max 
Physicochemical habitat 
Surface area (ha) 146.4 33.1 311.7 4.1 2,174.5 
Watershed-to-lake area ratio 34.5 19.1 43.1 0.3 292.2 
Mean depth (m) 3.0 2.8 1.5 0.8 11.5 
Secchi depth (m) 1.2 1.1 0.8 0.2 6.1 
Chlorophyll a (ug/L) 42.1 36.2 28.7 3.4 146.9 
Total phosphorous (ug/L) 120.2 101.6 70.9 31.6 409.4 
Total nitrogen (mg/L) 2.7 1.7 2.6 0.7 13.7 
Total suspended solids (mg/L) 18.5 12.5 15.0 3.4 101.8 
Rowcrop (%) 39.3 41.3 26.1 0.0 88.2 
 
Catch-per-unit-effort (all lengths) 
Black bullhead (kg/NN) 1.5 0.0 10.1 0.0 108.5 
Black crappie (no/NN) 7.3 2.5 12.7 0.0 91.2 
Bluegill (no/NN) 7.8 4.1 12.0 0.0 80.5 
Common carp (kg/NN) 1.6 0.0 3.8 0.0 27.1 
Largemouth bass (no/hr) 79.7 65.0 69.8 0.0 393.3 
White crappie (no/NN) 2.0 0.3 3.9 0.0 24.5 
Omnivores (kg/NN) 3.1 0.3 11.6 0.0 118.2 
 
Catch-per-unit-effort (quality length) 
Black crappie (no/NN) 1.2 0.4 1.6 0.0 8.2 
Bluegill (no/NN) 1.8 0.9 2.2 0.0 11.4 
Largemouth bass (no/hr) 21.6 16.0 21.4 0.0 150.9 
White crappie (no/NN) 0.8 0.2 1.3 0.0 7.7 
 
Proportional size distribution 
Black bullhead           78           100 31.3 0 100 
Black crappie 44 100 31.3 0 100 
Bluegill 38 41 23.6 0 100 
Common carp         74          87 32.1 0 100 
Largemouth bass          53          50 23.7 0 100 
White crappie          60          65 33.1 0 100 
 
Relative growth index 
Black crappie        105        107 10.0 83 125 
Bluegill        103        103 11.8 79 162 
Common carp        103        102 16.4 77 133 
Largemouth bass          95          95 7.0 71 113 
White crappie        113        114 11.1 87 138 
 
Time to reach quality length 
Black crappie (years) 3.0 2.8 1.0 2.0 8.1 
Bluegill (years) 3.4 3.3 0.6 2.2 5.5 
Common carp (years) 3.7 3.4 1.2 2.0 5.9 
Largemouth bass (years) 3.3 3.3 0.3 2.5 4.9 
White crappie (years) 2.5 2.3 0.5 1.9 4.7 
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Table 2.  Continued (See page 32 for heading).   
Variables Mean Median STD Min Max 
Relative weight 
Black bullhead 84 84 6.8 72 99 
Black crappie           99 98 8.1 72 117 
Bluegill         100 99 8.0 85 123 
Common carp           95 92 10.9 74 120 
Largemouth bass         102 101 9.2 84 135 
White crappie           96 97 8.5 81 113 
Omnivores           91 89 9.9 74 120 
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Table 3.  Correlation coefficients of watershed-to-lake area ratio (W:L), mean depth (Z; m), Secchi depth (S; m), 
chlorophyll a (Chl a; ug/L), total phosphorus (TP; ug/L), total nitrogen (TN; mg/L), total suspended solids (TSS; 
mg/L), and percent row-crop in the watershed (RC) from 129 Iowa lakes sampled during 2001-2006.  Secchi 
depth, chlorophyll a, total phosphorus, total nitrogen, and total suspended solids were log10 transformed, and 
percent row-crop in the watershed was arcsine square root transformed.  Values in parentheses are P-values. 
 W:L Z S Chl a TP TN TSS 
Z -0.03 (0.72) 1.00 . . . . . 
S 0.12 (0.22) 0.62 (0.0001) 1.00 . . . . 
Chl a -0.02 (0.82) -0.56 (0.0001) -0.76 (0.0001) 1.00 . . . 
TP 0.04 (0.71) -0.56 (0.0001) -0.77 (0.0001) 0.82 (0.0001) 1.00 . . 
TN 0.54 (0.0001) -0.11 (0.28) -0.18 (0.07) 0.38 (0.0001) 0.36 (0.0001) 1.00 . 
TSS -0.05 (0.63) -0.64 (0.0001) -0.91 (0.0001) 0.73 (0.0001) 0.79 (0.0001) 0.27 (0.01) 1.00 
RC 0.47 (0.0001) -0.16 (0.10) -0.12 (0.20) 0.20 (0.04) 0.23 (0.02) 0.68 (0.0001) 0.25 (0.01) 
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Table 4. Multiple-linear regression models developed to assess factors influencing fish 
populations in 129 Iowa lakes during 2001-2006.  Independent variables included total 
phosphorus (TP; ug/L), chlorophyll a (Chl a; ug/L), total suspended solids (TSS; 
mg/L), Secchi depth (S; m), mean depth (Z; m), percent row-crop in the watershed 
(RC), watershed-to-lake area ratio (W:L), and catch-per-unit-effort (CPUE) of black 
crappie [BLC; number/fyke net night (NN)], bluegill (BLG; number/NN), common 
carp (CRP; kg/NN), largemouth bass (LMB; number/ electrofishing hour), and 
omnivores (OMNI; sum of common carp and black bullhead catch rates; kg/NN).  
Catch rates were log10 (CPUE + 1) transformed, RC was arcsine square root 
transformed, and TP, Chl a, TSS, and S were log10 transformed.  Significance of 
individual coefficients and overall models (P), model fit statistics (partial and model 
R2), and sample size (N; number of lakes) are provided for each model.  
 Significance (P) Model fit  
Model Coefficients Model Partial R2 Model R2 N 
Catch-per-unit-effort (all lengths) 
Black bullhead - 0.41  0.096 0.001 – 0.15 109
 + 0.27 TP 0.030  0.04  
 + 0.19 CRP 0.004  0.08  
        
Black crappie + 0.51  0.001 0.001 – 0.15 109
 - 0.17 OMNI 0.094  0.03  
 + 0.01 RC 0.045  0.04  
 - 0.66 S 0.001  0.11  
        
Bluegill + 0.93  0.001 0.001 – 0.24 109
 - 0.43 OMNI 0.001  0.24  
        
Common carp - 0.55  0.001 0.001 – 0.22 109
 + 0.74 TSS 0.001  0.22  
        
Largemouth bass + 2.02  0.001 0.001 – 0.49 109
 + 0.39 S 0.002  0.05  
 - 1.38 S2 0.001  0.10  
 - 0.60 OMNI 0.001  0.30  
        
Omnivore - 0.46  0.010 0.001 – 0.20 109
 + 0.76 TSS 0.001  0.20  
        
White crappie + 0.28  0.001 0.001 – 0.20 109
 - 0.59 S 0.001  0.20  
        
Catch-per-unit-effort (quality length) 
Black crappie  a a a a a a a
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Table 4.  Continued (See page 35 for heading).   
 Significance (P) Model fit 
Model Coefficients Model Partial R2 Model R2 N
Bluegill + 0.45  0.001 0.001 – 0.16 109
 - 0.23 OMNI 0.001  0.16  
        
Largemouth bass + 1.29  0.001 0.001 – 0.12 109
 - 0.33 OMNI 0.001  0.12  
        
White crappie + 0.17  0.001 0.001 – 0.13 109
 - 0.30 S 0.001  0.13  
 
Relative weight 
Black bullhead + 84.57  0.001 0.038 – 0.11 38
 + 6.83 S 0.038  0.11  
        
Black crappie  a a a a a a a
        
Bluegill + 82.29  0.001 0.001 – 0.20 102
 - 6.32 BLG 0.001  0.10  
 + 11.09 TP 0.001  0.11  
        
Common carp + 102.21  0.001 0.001 – 0.37 52
 - 0.14 RC 0.059  0.07  
 + 20.78 S 0.001  0.35  
        
Largemouth bass + 104.42  0.001 0.001 – 0.32 92
 + 10.51 Chl a 0.001  0.14  
 - 10.25 LMB 0.001  0.20  
        
White crappie  a a a a a a a
        
Relative growth index 
Black crappie + 98.63  0.001 0.017 – 0.17 47
 - 0.05 W:L 0.050  0.09  
 + 2.44 Z 0.026 0.11 
    
Bluegill + 111.57  0.001 0.003 – 0.14 82
 - 0.05 W:L 0.078  0.04  
 - 9.14 BLG 0.008  0.09  
        
Common carp  a a a a a a a
        
Largemouth bass + 93.27  0.001 0.002 – 0.14 66
 + 5.72 OMNI 0.002  0.14  
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Table 4.  Continued (See page 35 for heading).   
 Significance (P) Model fit 
Model Coefficients Model Partial R2 Model R2 N 
White crappie + 139.08  0.001 0.004 – 0.39 25
 - 18.83 TSS 0.034  0.19  
 - 0.10 W:L 0.006  0.30  
        
Time to reach quality length 
Black crappie + 33.78  0.001 0.001 – 0.49 44
 + 0.63 BLC 0.041  0.10  
 - 32.36 TP 0.001  0.26  
 + 8.29 TP2 0.001  0.29  
        
Bluegill + 2.89  0.001 0.006 – 0.13 77
 + 0.01 W:L 0.082  0.04  
 + 0.50 BLG 0.015  0.08  
        
Common carp + 3.48  0.001 0.081 – 0.10 32
 - 1.60 S 0.081  0.10  
        
Largemouth bass + 3.37  0.001 0.015 – 0.09 66
 - 0.28 OMNI 0.015  0.09  
        
White crappie + 2.17  0.001 0.001 – 0.68 24
 - 0.75 S 0.028  0.21  
 + 0.01 W:L 0.001  0.68  
a Information not presented because model P > 0.10. 
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Table 5.  Summary of nonmetric multidimensional scaling ordination of 
catch-per-unit-effort [CPUE = log10(CPUE + 1)] for fishes 
sampled from 129 Iowa lakes during 2001-2006.  Units of effort 
are kg / fyke net night (NN) for black bullheads, common carp, 
and omnivores, number / NN for black crappie, bluegill, and white 
crappie, and number / hour of electrofishing for largemouth bass.  
Axis loadings and P-values (in parentheses) for each species and 
the variation explained by each axis are presented.   
Species or model fit Axis 1 Axis 2 
Black bullhead–all lengths -0.40 (0.001) -0.25 (0.009) 
Black crappie–all lengths -0.27 (0.005) -0.09 (0.335) 
Bluegill–all lengths 0.27 (0.005) 0.14 (0.157) 
Common carp–all lengths -0.19 (0.047) -0.67 (0.001) 
Largemouth bass–all lengths 0.82 (0.001) 0.53 (0.001) 
Omnivores–all lengths -0.41 (0.001) -0.43 (0.001) 
White crappie–all lengths -0.11 (0.272) -0.04 (0.688) 
Black crappie–quality lengths 0.01 (0.909) 0.07 (0.448) 
Bluegill–quality lengths 0.32 (0.001) 0.33 (0.001) 
Largemouth bass–quality lengths 0.58 (0.001) 0.32 (0.001) 
White crappie–quality lengths -0.05 (0.642) -0.09 (0.336) 
   
R2 0.52 0.36 
Cumulative R2 0.52 0.89 
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Table 6.  Summary of correlations between environmental variables and nonmetric 
multidimensional scaling ordination axis scores of physicochemical habitat 
variables from 129 Iowa lakes sampled during 2001-2006.  Pearson correlations and 
P-values (in parentheses) for each environmental variable are presented. 
Environmental variables Axis 1 Axis 2 
Watershed-to-lake area ratio  0.10 (0.316) 0.22 (0.022) 
Mean depth (m) 0.14 (0.145) 0.27 (0.005) 
Secchi depth (m) 0.16 (0.093) 0.29 (0.002) 
Chlorophyll a (ug/L) 0.11 (0.241) -0.44 (0.001) 
Total phosphorous (ug/L) -0.13 (0.166) -0.37 (0.001) 
Total suspended solids (mg/L) -0.39 (0.001) -0.58 (0.001) 
Total nitrogen (mg/L) 0.03 (0.746) 0.00 (0.972) 
Rowcrop (%) -0.20 (0.033) -0.23 (0.019) 
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Figure 1.   Relationship between black bullhead (BLB) catch-per-unit-effort of all fish by 
weight [CPUE; effort is in fyke net nights (NN)], common carp (CRP) CPUE, and 
total phosphorus (TP) in 129 Iowa lakes, sampled during 2001-2006.  The plane 
represents the multiple-regression model [BLB CPUE = -0.41 + 0.27 (TP) + 0.19 
(CRP CPUE)] and solid circles represent observed catch rates.   
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Figure 2.   Relationship between common carp (CRP) catch-per-unit-effort of all fish by 
weight [CPUE; effort is in fyke net nights (NN)] and total suspended solids (TSS) 
in 129 Iowa lakes sampled during 2001-2006 (upper panel).  The regression line 
represents the regression equation [CRP CPUE = -0.55 + 0.74 (TSS)] and solid 
circles represent observed catch rates.  The lower panel illustrates the relationship 
between CRP relative weight (Wr), rowcrop, and Secchi depth.  The plane 
represents the multiple regression model [CRP Wr = 102.21 – 0.14 (rowcrop) + 
20.78 (Secchi depth)] and solid circles represent observed Wr values.   
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Figure 3.   The relationship between omnivore (OMNI) catch-per-unit-effort of all fish by 
weight [CPUE; effort is in fyke net nights (NN)] and total suspended solids (TSS) 
in 129 Iowa lakes sampled during 2001-2006.  The regression line represents the 
regression equation [OMNI CPUE = -0.46 + 0.76 (TSS)] and solid circles 
represent observed catch rates.   
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Figure 4.   Relationship between bluegill (BLG) catch-per-unit-effort of quality-length fish 
by number [CPUEQuality; effort is in fyke net nights (NN)] and omnivore (OMNI) 
catch-per-unit-effort of all fish (CPUE) by weight in 129 Iowa lakes sampled 
during 2001-2006 (upper panel).  The regression line represents the regression 
equation [BLG CPUEQuality = 0.45 + 0.23 (OMNI CPUE)] and solid circles 
represent observed catch rates.  The middle panel illustrates the relationship 
between BLG relative weight (Wr), BLG CPUE, and TP in 129 Iowa lakes 
sampled during 2001-2006.  The plane represents the multiple-regression model 
[BLG Wr = 82.29 – 6.32 (BLG CPUE) + 11.09 (TP)] and solid circles represent 
observed Wr values.  The lower panel illustrates the relationship between BLG 
relative growth index (RGI), BLG CPUE, and watershed-to-lake area ratio (W:L).  
The plane represents the multiple-regression model [BLG RGI = 111.57 – 0.05 
(W:L) – 9.14 (BLG CPUE)] and solid circles represent observed RGI values. 
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Figure 5.  Relationship between black crappie (BLC) relative growth index (RGI), 
watershed-to-lake area ratio (W:L), and mean depth in 129 Iowa lakes sampled 
during 2001-2006.  The plane represents the multiple-regression model [BLC RGI 
= 98.63 – 0.05 (W:L) + 2.44 (mean depth)] and solid circles represent observed 
RGI values. 
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Figure 6. Relationship between white crappie (WHC) catch-per-unit-effort of quality-length 
fish by number [CPUEQuality; effort is in fyke net nights (NN)] and Secchi depth in 
129 Iowa lakes sampled during 2001-2006 (upper panel).  The regression line 
represents the regression equation [WHC CPUEQuality = 0.17 – 0.30 (Secchi 
depth)] and solid circles represent observed catch rates.  The lower panel 
illustrates the relationship between WHC relative growth index (RGI), watershed-
to-lake area ratio (W:L), and total suspended solids (TSS).  The planes represent 
the multiple-regression model [WHC RGI = 139.08 – 18.83 (TSS) – 0.10 (W:L)] 
and solid circles represent observed RGI values.   
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Figure 7. Relationship between largemouth bass (LMB) catch-per-unit-effort of quality-
length fish by number [CPUEQuality; effort is in hours of electrofishing (hr)] and 
omnivore (OMNI) catch-per-unit-effort of all fish by weight [CPUE; effort is in 
fyke net nights (NN)] in 129 Iowa lakes sampled during 2001-2006 (upper panel).  
The plane represents the regression equation [LMB CPUEQuality = 1.29 - 0.33 
(OMNI CPUE)] and solid circles represent observed catch rates.  The lower panel 
illustrates the relationship between LMB relative weight (Wr), LMB CPUE, and 
chlorophyll a (Chl a).  The plane represents the multiple-regression model [LMB 
Wr = 104.42 + 10.51 (Chl a) – 10.25 (LMB CPUE)] and solid circles represent 
observed Wr values.   
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Figure 8. Scatterplot of lakes (open circles) across nonmetric multidimensional scaling axes 
1 and 2 based on catch-per-unit-effort (CPUE) of fishes sampled from 129 Iowa 
lakes, 2001-2006 (solid triangles; upper panel). Units of effort were kg / fyke net 
night (NN) for black bullhead (BLB), common carp (CRP), and omnivores 
(OMNI; sum of BLB and CRP CPUE), number / NN for bluegill (BLG), black 
crappie (BLC), and white crappie (WHC), and number / hour of electrofishing for 
largemouth bass (LMB).  Catch rates were calculated by number of fish of all 
lengths (A) and quality-length (Q) for BLG, BLC, WHC, and LMB. Lower panel 
shows position of CPUE data along each axis and relation of significant 
environmental variables.  Environmental variables include Secchi depth (S; m), 
mean depth (Z;m), percent of the watershed in rowcrop agriculture (RC), total 
phosphorus (TP; ug/L), and total suspended solids (TSS; mg/L).   
 
 
 
50
APPENDIX A.  ENVIRONMENTAL CHARACTERISTICS OF STUDY LAKES 
Mean surface area (SA; ha), watershed-to-lake area ratio (W:L), mean depth (Z; m), Secchi depth (S; m), 
chlorophyll a (Chl a; ug/L), total phosphorus (TP; ug/L), total nitrogen (TN; mg/L), total suspended solids 
(TSS; mg/L), and percent row-crop in the watershed (RC) from 129 Iowa lakes sampled during 2001-2006. 
Lake (County) SA W:L Z S Chl a TP TN TSS RC
Ahquabi 47.0 14.9 3.0 1.2 39.5 81.1 1.8 8.4 20.0
Anita 71.9 13.0 3.8 1.0 37.3 70.3 1.2 13.3 13.3
Arbor 5.4 77.7 2.4 1.1 45.4 183.3 1.7 14.3 6.9
Arrowhead (Pottawatamie) 6.1 68.6 2.2 0.8 69.5 201.8 2.0 21.5 47.3
Arrowhead (Sac) 13.5 9.5 2.8 2.9 8.7 44.0 0.8 5.3 a
Avenue of the Saints 15.9 144.1 1.9 0.6 62.5 174.9 1.7 20.4 76.7
Badger Creek 99.2 45.5 3.2 0.6 71.1 280.8 2.1 26.5 51.9
Badger 17.4 292.2 2.0 1.1 29.0 110.8 13.7 17.0 86.7
Beaver 13.5 30.1 2.9 1.2 44.9 96.1 2.2 15.3 53.7
Beeds 39.7 207.7 2.6 1.1 45.6 107.3 10.6 12.1 81.0
Black Hawk 371.9 14.3 1.5 0.5 50.6 203.0 2.5 35.7 67.1
Big Creek 349.6 54.2 5.5 2.4 11.9 66.7 8.4 6.7 78.1
Blue 107.0 19.0 1.4 0.4 41.4 95.3 1.0 33.6 54.1
Brushy Creek 287.4 79.3 7.8 2.1 23.1 59.3 12.0 7.0 64.3
Browns 89.1 27.5 1.4 0.7 27.5 110.1 1.3 22.1 60.5
Bob White 39.5 35.4 1.6 0.3 44.5 237.8 2.1 38.4 59.7
Briggs Woods 24.0 120.7 3.7 2.0 27.4 95.7 11.6 7.6 81.1
Carter 127.2 7.6 2.6 0.3 132.1 207.1 2.1 27.5 0.5
Casey 15.9 18.9 3.2 1.2 58.4 147.1 1.7 8.1 22.8
Center 113.2 2.2 3.0 1.6 39.3 124.4 2.0 10.3 13.7
Central 10.0 15.0 2.4 1.5 31.1 93.8 1.3 10.1 15.0
Clear 1,484.9 2.6 2.9 0.7 52.7 90.4 1.6 27.6 38.1
Coralville a a a 0.8 16.1 211.1 7.8 23.8 a
Cornelia 99.8 3.0 2.3 0.8 30.4 84.4 1.5 19.8 43.0
Crawford Creek 23.7 40.7 3.5 1.2 20.7 82.1 1.0 9.9 48.4
Crystal 106.9 7.5 1.4 0.4 108.6 332.1 2.7 37.7 58.6
Cold Springs 6.3 1.3 2.2 0.6 45.2 105.8 1.5 24.3 0.5
Darling 108.3 46.5 2.7 0.5 72.5 205.6 3.5 40.2 53.6
DeSoto Bend 345.4 14.6 2.7 0.7 32.7 101.6 1.2 20.6 60.6
Dog Creek 11.9 96.6 3.0 1.2 34.9 153.7 2.7 11.8 69.1
Diamond 38.8 27.9 2.7 1.2 40.7 124.0 1.5 8.6 44.7
Dale Maffit 79.9 3.6 8.0 3.4 3.4 38.2 0.7 7.2 19.7
Don Williams 61.6 138.5 5.2 1.8 20.9 79.1 10.7 10.1 85.7
Easter 74.8 34.5 3.4 0.7 46.3 75.6 1.2 14.7 10.3
East Okoboji 745.8 6.4 3.2 1.9 16.8 90.6 1.1 8.9 45.1
East Osceola 5.3 22.7 2.1 0.4 73.0 307.3 2.1 20.8 25.7
Eldred Sherwood 8.5 101.8 2.8 1.4 51.2 104.2 10.7 11.9 88.2
Five Island 390.3 8.0 1.1 0.7 40.7 91.9 2.9 23.3 74.8
Fogle 15.7 13.1 2.8 1.2 26.6 59.4 1.2 8.3 18.7
Green Belt 7.3 1.3 3.6 1.2 19.3 41.4 0.8 7.4 0.0
Green Castle 6.4 16.7 2.9 2.7 10.6 35.6 1.2 4.9 47.3
Geode 76.8 53.4 7.2 3.1 9.0 55.4 3.0 5.2 56.6
Greenfield 21.3 17.9 3.1 1.5 29.3 101.3 1.2 8.6 20.7
Green Valley 169.8 11.3 2.7 1.1 49.3 122.0 2.4 12.8 62.6
George Wyth 18.0 9.9 2.8 1.4 20.2 42.7 1.0 8.2 22.5
Hannen 14.8 15.5 2.8 2.0 35.8 123.4 1.4 8.8 8.4
Hawthorn 74.9 16.8 3.5 0.9 28.4 66.9 1.3 11.3 20.2
Hendricks 18.1 26.0 2.4 1.4 59.1 105.4 4.5 12.5 67.7
Hickory Grove 33.3 48.0 4.8 2.1 13.6 57.7 8.5 8.2 79.7
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Appendix A.  Continued (See page 50 for heading).   
Lake SA W:L Z S Chl a TP TN TSS RC
Hooper 160.1 a 2.6 1.3 44.6 89.5 1.5 9.9 30.3
Icaria 281.1 24.2 3.4 1.2 17.5 63.7 2.3 15.8 36.4
Indian 19.9 7.0 1.6 0.7 103.8 206.2 1.8 16.9 2.2
Ingham 144.3 2.6 1.9 0.4 124.7 206.6 2.7 48.3 49.1
Iowa 32.9 15.9 3.5 1.5 51.6 71.4 1.7 10.3 22.9
Keomah 31.1 24.4 3.1 1.1 54.9 134.5 1.6 14.5 42.7
Kent Park 10.6 25.5 2.3 1.1 31.5 81.1 1.1 9.9 1.8
Lower Gar 106.6 39.9 0.9 0.6 31.5 128.8 1.5 35.3 38.5
Lost Island 465.6 4.5 3.1 0.6 31.5 98.7 1.7 23.0 50.0
Littlefield 22.8 43.3 2.4 0.6 67.3 179.8 2.4 44.3 37.0
Lacey-Keosauqua 9.2 32.6 3.6 2.1 12.1 58.1 0.9 11.1 1.5
Lower Pine 23.3 16.4 1.8 0.7 70.7 139.2 5.6 17.5 72.2
Little River 304.9 16.7 4.4 1.1 36.5 75.7 1.4 10.9 12.4
Little Spirit 244.5 2.4 1.8 0.8 70.1 238.1 2.9 22.6 18.6
Little Sioux Park 4.4 5.7 3.1 3.7 8.1 43.2 0.7 4.3 1.7
Lake of The Hills 21.7 30.7 3.0 0.8 27.5 73.4 1.8 12.5 41.6
Little Wall 99.5 0.8 1.6 0.3 55.6 144.1 1.8 58.3 10.9
Macbride 352.1 18.6 4.8 1.4 26.2 73.1 2.2 8.2 51.5
Manawa 296.6 3.3 1.4 0.4 51.5 120.7 1.3 30.4 9.4
Manteno Pond 5.3 173.3 2.0 1.4 31.0 97.1 1.1 7.8 53.5
Mariposa 7.1 33.0 2.4 0.4 91.6 207.1 3.3 34.9 54.4
Meadow 13.9 22.7 3.1 0.9 52.5 145.8 1.6 17.0 25.6
Meyers (Black Hawk) 10.0 2.8 2.2 1.0 38.1 123.2 1.4 11.3 0.6
Meyer (Winneshiek) 13.7 44.2 3.5 1.1 57.4 83.9 2.4 10.3 45.6
Miami 55.9 28.0 3.0 0.5 61.5 141.6 1.7 20.7 17.3
Mill Creek 12.3 117.6 1.4 1.3 22.9 88.4 1.9 11.2 83.4
Mitchell Impoundment 5.1 0.3 7.2 1.0 26.0 62.7 1.2 9.9 1.0
Minnewashata 47.8 2.4 0.9 1.7 19.5 101.8 1.3 9.8 7.7
Moorehead 4.1 49.6 4.0 2.2 14.0 64.8 0.8 5.6 15.0
Mormon Trail 13.7 11.4 4.2 2.0 14.7 45.6 0.9 9.0 8.1
Nine Eagles 25.2 16.9 4.1 1.9 4.0 38.9 0.7 6.1 0.0
Nelson Park 4.6 52.6 2.8 2.1 18.7 48.4 1.0 7.5 19.8
North Twin 185.1 4.6 3.0 1.2 53.5 102.5 2.0 19.3 68.3
Oldham 6.3 44.4 3.0 1.6 27.2 61.9 1.0 6.8 45.8
Orient 10.7 22.0 1.8 0.5 31.5 210.5 3.3 27.9 79.9
Otter Creek 25.8 15.4 3.0 1.0 56.5 92.8 2.0 12.1 45.8
Ottumwa Lagoon 29.2 30.9 1.7 0.4 95.0 296.0 2.2 37.8 1.2
Pahoja 26.9 58.0 3.3 1.2 55.4 126.2 4.0 13.7 79.6
Pierce Creek 14.5 76.9 1.7 0.4 52.5 165.6 2.0 50.2 44.8
Pleasant Creek 169.3 4.9 5.0 2.5 15.1 43.8 0.8 6.2 14.1
Pollmiller 7.0 14.7 3.7 2.1 18.1 49.4 1.0 9.3 5.7
Prairie Rose 76.9 23.4 2.3 0.7 40.0 101.6 2.0 20.1 59.7
Rathbun a a a 1.0 11.1 61.5 1.3 11.6 a
Rock Creek 240.8 43.8 2.6 1.0 35.6 69.9 4.4 13.3 52.4
Roberts Creek 119.7 26.4 2.7 0.7 33.0 117.9 2.9 14.8 47.1
Rogers 8.5 96.8 2.2 1.6 26.4 116.1 5.5 11.3 66.7
Red Rock a a a 1.1 10.1 176.2 9.5 12.6 a
Saylorville a a a 0.9 17.9 142.1 10.0 12.4 a
Slip Bluff 8.0 12.2 3.9 1.4 5.0 49.6 0.7 9.1 0.0
Silver (Delaware) 15.2 5.4 2.0 0.4 146.9 337.2 2.4 37.5 40.8
Silver (Dickinson) 432.4 14.2 1.8 0.7 45.3 160.7 3.3 26.2 76.3
Silver (Palo Alto) 262.2 12.8 1.4 0.3 103.5 219.6 2.7 50.6 73.4
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Appendix A.  Continued (See page 50 for heading).   
Lake SA W:L Z S Chl a TP TN TSS RC
Silver (Worth) 127.4 5.5 1.5 0.4 95.4 201.6 2.3 47.2 46.7
Smith 22.7 25.3 1.7 1.4 43.0 177.3 5.9 16.1 85.3
Spirit Lake 2,174.5 3.2 5.2 2.3 19.9 60.7 1.0 7.4 44.3
South Prairie 9.8 2.5 2.9 1.5 38.2 86.7 1.0 9.5 0.3
Spring 20.4 9.3 0.8 0.5 38.2 67.2 1.2 21.5 59.7
Springbrook 5.5 119.6 2.5 2.1 19.3 84.8 2.7 29.4 58.9
Storm Lake 1,271.6 4.7 2.3 0.3 21.7 136.7 1.2 41.8 58.5
Sugema 262.2 16.4 3.6 1.3 29.0 60.4 1.2 8.3 20.3
Swan 57.1 5.3 1.3 0.4 124.6 409.4 2.3 75.3 41.3
Three Fires 38.2 38.4 2.5 0.8 25.5 132.7 1.9 21.9 14.6
Three Mile 322.5 27.5 5.0 1.9 16.5 54.1 1.3 5.8 32.7
Thayer 5.6 35.6 2.0 0.4 42.5 142.1 1.5 30.6 7.3
Twelve Mile 257.5 22.0 4.6 1.2 35.0 54.7 1.9 8.9 34.8
Trumbull 474.0 40.0 0.9 0.2 128.6 268.8 4.4 101.8 77.8
Tuttle 917.8 54.1 1.1 0.3 82.3 202.3 3.8 59.1 71.8
Upper Gar 15.4 5.7 1.2 1.2 33.7 104.1 1.2 17.1 7.7
Union Grove 46.6 59.3 1.9 0.6 57.1 118.3 4.4 21.8 71.6
Upper Pine 34.3 102.4 2.2 1.4 39.8 96.8 8.0 12.1 75.0
Viking 58.4 14.0 4.7 1.0 47.4 84.1 1.2 12.3 11.9
Volga 53.6 45.0 3.2 1.6 43.3 84.2 2.9 11.5 40.6
Wapello 113.5 17.0 3.9 2.3 16.1 59.9 0.9 6.8 1.7
Willow 10.8 18.2 3.8 2.8 9.1 31.6 0.7 4.8 47.8
Wilson 6.7 8.9 2.8 0.9 36.0 111.5 1.7 16.5 29.6
Windmill 9.6 23.1 3.1 0.8 79.9 135.1 1.6 18.4 14.6
Williamson Pond 11.3 52.8 2.5 0.7 62.9 245.7 2.4 24.1 41.0
White Oak 7.1 32.4 2.6 0.8 53.0 171.3 1.7 15.2 21.0
West Okoboji 1,565.1 3.9 11.5 6.1 3.8 41.4 0.7 3.4 29.4
West Osceola 124.8 19.1 4.3 1.1 22.2 102.9 1.4 8.7 34.1
Yellow Smoke 16.1 37.6 3.3 2.9 12.5 39.3 0.9 6.3 41.1
a Information unavailable 
 
 
 
 
 
 
 
 
 
 
Mean catch-per-unit-effort of fish from 129 Iowa lakes sampled during 2001-2006.  Units of effort were kg / 
fyke net night (NN) for black bullhead (BLB), common carp (CRP), and omnivores (OMNI; sum of BLB and 
CRP catch rates), number / NN for bluegill (BLG), black crappie (BLC), and white crappie (WHC), and   
number / hour of electrofishing for largemouth bass (LMB).  Catch rates were calculated by number of fish of all 
lengths (A) and quality-length (Q) for BLG, BLC, WHC, and LMB. 
 Catch-per-unit-effort 
Lake (County) BLB BLCA BLGA CRP LMBA WHCA OMNI BLCQ BLGQ LMBQ WHCQ
Ahquabi 0.00 0.00 0.67 0.00 148.80 0.00 0.00 0.00 0.00 17.60 0.00
Anita 0.08 4.25 4.75 0.00 55.20 0.33 0.08 0.00 1.92 39.20 0.00
Arbor 0.18 0.25 12.67 0.25 143.57 0.17 0.42 0.25 5.00 33.94 0.17
Arrowhead 0.00 9.64 8.18 0.00 52.00 0.00 0.00 0.82 1.09 10.67 0.00
Arrowhead (Sac) a a a a a a a a a a a
Avenue of the Saints 0.06 9.83 19.17 0.00 104.00 0.00 0.06 2.00 0.67 38.00 0.00
Badger Creek 0.78 13.20 34.40 0.00 152.00 3.00 0.78 3.40 11.40 54.67 2.00
Badger 0.00 1.43 5.14 0.04 92.00 2.00 0.04 0.43 4.14 16.00 1.57
Beaver 0.17 1.25 5.00 0.00 218.00 0.00 0.17 0.75 3.13 12.00 0.00
Beeds 1.33 6.83 11.83 0.99 88.00 1.00 2.32 1.83 3.50 20.00 0.00
Black Hawk 0.36 20.70 0.90 2.59 76.00 1.40 2.95 5.30 0.00 20.67 1.20
Big Creek a a a a 143.33 a a a a 16.00 a
Blue 0.01 29.75 2.50 2.21 14.00 2.63 2.21 0.00 0.00 15.00 0.57
Brushy Creek 0.12 0.47 7.27 0.00 68.00 0.00 0.12 0.20 2.07 32.67 0.00
Browns 0.02 12.50 2.69 0.95 32.00 1.00 0.97 2.50 0.69 11.50 0.44
Bob White 0.11 0.10 3.50 2.67 71.00 6.30 2.78 0.11 0.89 55.00 0.89
Briggs Woods 0.04 7.67 14.67 3.08 41.69 0.00 3.12 2.17 4.83 24.53 0.00
Carter 1.04 12.81 3.38 1.57 9.71 3.44 2.62 0.44 1.75 7.43 2.00
Casey 0.00 4.83 10.00 0.00 228.00 0.33 0.00 2.50 3.33 12.00 0.33
Center 5.30 2.53 0.29 0.00 22.50 0.00 5.30 1.47 0.00 19.00 0.00
Central 0.00 0.25 4.92 0.00 106.79 0.00 0.00 0.17 4.50 24.96 0.00
Clear 2.26 0.88 5.25 4.48 6.74 0.31 6.74 0.63 1.13 4.54 0.25
Coralville a a a a 32.62 a a a a 18.28 a
Cornelia 3.08 4.33 1.42 1.54 61.95 0.08 4.62 0.00 0.33 6.49 0.00
Crawford Creek 0.00 8.17 30.17 0.00 42.40 1.83 0.00 4.00 3.50 5.60 0.33
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 Appendix B.  Continued (See page 53 for heading).   
 Catch-per-unit-effort 
Lake (County) BLB BLCA BLGA CRP LMBA WHCA OMNI BLCQ BLGQ LMBQ WHCQ
Crystal 1.22 0.00 1.33 15.11 8.00 7.33 16.33 0.00 1.33 11.00 2.00
Cold Springs 0.00 3.00 4.17 0.00 46.00 11.33 0.00 1.17 0.67 16.00 1.83
Darling 0.00 3.09 4.18 0.17 25.93 8.91 0.17 0.36 1.00 4.71 2.55
DeSoto Bend a a a a a a a a a a a
Dog Creek 1.51 3.30 9.80 0.00 10.86 0.00 1.51 1.80 1.20 7.43 0.00
Diamond 1.29 1.89 3.67 0.00 132.46 0.39 1.29 1.06 2.11 150.93 0.39
Dale Maffit a a a a a a a a a a a
Don Williams 0.00 2.00 10.00 0.05 48.00 1.18 0.05 0.29 0.24 23.00 0.00
Easter 0.11 13.25 12.00 0.55 73.00 6.25 0.67 0.38 0.63 20.00 0.50
East Okoboji 1.09 0.17 1.00 7.65 17.60 0.33 8.74 0.00 0.33 13.20 0.33
East Osceola 1.21 15.75 26.25 0.00 72.00 0.00 1.21 2.25 7.50 16.00 0.00
Eldred Sherwood 0.00 0.00 7.20 0.00 140.74 0.00 0.00 0.00 3.80 26.47 0.00
Five Island 0.34 17.33 1.07 3.14 30.00 0.93 3.48 0.60 0.33 26.75 0.67
Fogle 0.04 1.15 1.85 0.00 127.85 0.00 0.04 0.31 1.00 21.69 0.00
Green Belt 0.00 0.40 12.00 0.00 112.00 0.00 0.00 0.20 8.40 5.33 0.00
Green Castle 0.04 0.92 80.50 0.00 31.72 0.00 0.04 0.08 0.58 17.82 0.00
Geode 0.00 0.88 3.13 0.00 153.42 0.00 0.00 0.13 2.00 18.61 0.00
Greenfield 0.07 9.04 12.17 0.00 393.33 0.00 0.07 6.71 6.83 33.33 0.00
Green Valley 0.08 4.00 0.67 2.35 208.00 9.83 2.43 2.67 0.50 30.00 6.33
George Wyth 0.10 28.00 19.60 0.20 49.33 1.40 0.30 1.00 2.40 5.33 1.20
Hannen a a a a 198.10 a a a a 39.01 a
Hawthorn 0.00 2.00 4.63 0.00 113.00 8.06 0.00 1.27 2.00 23.00 3.20
Hendricks 0.25 2.86 2.71 0.00 122.00 0.00 0.25 0.86 0.29 77.00 0.00
Hickory Grove 0.00 1.00 1.90 0.00 104.00 1.90 0.00 0.20 1.40 16.92 1.10
Hooper 1.33 0.17 1.17 0.00 158.56 0.00 1.33 0.17 0.67 48.90 0.00
Icaria 0.06 0.00 0.56 0.00 98.00 0.78 0.06 0.00 0.00 29.50 0.44
Indian 0.00 5.83 7.50 0.13 322.00 0.00 0.13 1.00 2.17 80.00 0.00
Ingham 3.84 1.93 0.00 17.20 4.00 0.33 21.05 1.40 0.00 4.00 0.33
Iowa 0.00 2.00 6.61 0.00 80.80 0.00 0.00 1.83 3.11 20.00 0.00
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 Appendix B.  Continued (See page 53 for heading).   
 Catch-per-unit-effort 
Lake (County) BLB BLCA BLGA CRP LMBA WHCA OMNI BLCQ BLGQ LMBQ WHCQ
Keomah 0.00 2.30 1.20 0.00 202.67 0.20 0.00 0.70 0.80 90.67 0.10
Kent Park a a a a 146.86 a a a a 15.88 a
Lower Gar 1.32 0.70 1.70 11.86 7.20 0.90 13.19 0.40 0.60 4.00 0.30
Lost Island 3.07 1.70 0.00 1.50 0.00 0.00 4.57 0.90 0.00 0.00 0.00
Littlefield a a a a 40.00 a a a a 14.00 a
Lacey-Keosauqua 0.00 0.25 2.75 0.00 68.00 0.00 0.00 0.00 0.25 28.00 0.00
Lower Pine 0.00 6.50 0.83 2.71 78.67 1.17 2.71 2.00 0.50 45.33 0.83
Little River 0.00 1.38 2.00 9.91 57.33 2.00 9.91 0.75 0.38 20.00 1.75
Little Spirit 5.32 1.70 1.00 8.41 13.25 0.00 13.73 0.60 0.20 9.92 0.00
Little Sioux Park 0.00 0.00 8.63 0.00 178.67 0.00 0.00 0.00 1.63 12.00 0.00
Lake of The Hills a a a a a a a a a a a
Little Wall a a a a 50.15 a a a a 50.07 a
Macbride 0.00 5.25 76.54 1.11 84.11 1.79 1.11 2.54 7.00 29.37 1.46
Manawa 0.00 2.56 3.00 0.18 16.67 20.75 0.18 0.23 0.62 5.33 1.62
Manteno Pond 0.00 0.60 8.80 0.00 84.00 0.00 0.00 0.00 2.40 12.00 0.00
Mariposa a a a a 30.13 a a a a 16.00 a
Meadow 0.06 0.00 12.33 0.00 81.33 1.83 0.06 0.00 5.67 27.37 0.17
Meyers (Black Hawk) 3.92 0.50 18.00 0.00 52.00 7.17 3.92 0.00 0.33 20.00 2.33
Meyer (Winneshiek) 0.00 1.60 4.40 0.53 57.33 0.00 0.53 0.00 0.40 16.00 0.00
Miami 0.00 15.70 13.70 0.00 96.00 10.90 0.00 1.25 3.00 42.00 2.50
Mill Creek 0.27 19.85 12.85 0.73 39.00 0.70 0.99 1.50 1.00 18.00 0.33
Mitchell Impoundment 0.00 3.00 11.00 0.00 76.00 1.00 0.00 0.40 0.40 32.00 0.00
Minnewashata 0.87 1.63 0.50 1.64 11.00 0.88 2.50 0.38 0.63 5.00 0.50
Moorehead 0.00 3.20 3.40 0.00 42.00 0.00 0.00 0.40 1.60 6.00 0.00
Mormon Trail 0.00 0.50 3.50 0.00 81.33 0.00 0.00 0.00 0.00 2.67 0.00
Nine Eagles 0.00 0.13 4.88 0.00 160.00 0.25 0.00 0.00 1.13 33.33 0.25
Nelson Park 0.00 0.00 8.00 0.00 165.33 0.33 0.00 0.00 0.33 5.33 0.00
North Twin 0.70 0.13 4.00 0.55 4.00 9.88 1.25 0.13 1.25 1.87 3.88
Oldham 0.11 3.20 7.40 0.00 93.33 0.00 0.11 3.00 1.20 12.00 0.00
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 Appendix B.  Continued (See page 53 for heading).   
 Catch-per-unit-effort 
Lake (County) BLB BLCA BLGA CRP LMBA WHCA OMNI BLCQ BLGQ LMBQ WHCQ
Orient 0.05 91.17 8.08 0.00 20.00 0.25 0.05 1.18 4.45 14.00 0.00
Otter Creek 0.00 1.82 14.09 0.00 32.51 0.18 0.00 0.91 9.73 12.69 0.00
Ottumwa Lagoon 0.00 5.83 0.67 5.32 76.00 24.50 5.32 1.00 0.33 9.33 2.33
Pahoja 0.03 10.00 3.80 0.53 12.00 0.00 0.55 3.93 1.07 8.67 0.00
Pierce Creek 0.00 64.75 2.75 0.00 34.00 8.50 0.00 2.50 0.00 22.00 2.50
Pleasant Creek a a a a 152.63 a a a a 68.75 a
Pollmiller a a a a 44.55 a a a a 2.68 a
Prairie Rose 0.00 15.88 11.88 0.88 87.35 0.00 0.88 1.13 0.50 39.20 0.00
Rathbun 0.00 0.93 1.45 0.02 22.00 2.19 0.02 0.38 0.26 6.86 1.33
Rock Creek 0.00 13.13 1.88 1.71 31.17 3.69 1.71 3.50 0.94 18.57 2.38
Roberts Creek 0.00 28.00 5.17 0.38 39.00 2.08 0.38 7.50 0.25 8.00 1.58
Rogers a a a a 244.96 a a a a 35.77 a
Red Rock 0.00 17.13 2.67 0.22 13.00 2.92 0.22 8.21 0.25 10.50 3.00
Saylorville 0.00 2.47 1.10 1.39 38.67 0.47 1.39 0.23 0.60 8.00 0.10
Slip Bluff 0.00 1.00 8.67 0.00 130.67 0.67 0.00 0.33 4.00 16.00 0.67
Silver (Delaware) 0.00 0.00 33.80 0.00 44.00 0.00 0.00 0.00 1.60 0.00 0.00
Silver (Dickinson) 4.90 5.20 0.10 0.00 0.00 0.00 4.90 0.60 0.10 0.00 0.00
Silver (Palo Alto) 4.78 0.00 0.00 7.06 0.00 8.38 11.84 0.00 0.00 0.00 6.25
Silver (Worth) 4.99 0.00 0.33 0.00 1.00 0.00 4.99 0.00 0.00 1.00 0.00
Smith 0.32 0.60 11.80 0.00 73.96 0.00 0.32 0.20 1.80 21.51 0.00
Spirit Lake 3.81 39.08 3.83 1.02 2.40 0.00 4.84 0.18 0.36 0.00 0.00
South Prairie 0.00 5.17 38.33 0.00 174.67 0.00 0.00 2.67 5.33 40.00 0.00
Spring 0.00 11.13 10.25 0.00 32.57 0.63 0.00 3.43 4.71 2.58 0.43
Springbrook 0.00 0.00 0.50 0.00 86.89 0.00 0.00 0.00 0.50 10.32 0.00
Storm Lake 0.17 16.00 0.06 3.20 1.71 0.94 3.37 5.00 0.06 0.00 0.94
Sugema 0.04 0.35 2.76 0.00 107.75 0.06 0.04 0.24 0.35 57.50 0.00
Swan 0.08 31.17 2.00 1.13 18.40 0.00 1.21 1.67 0.50 14.40 0.00
Three Fires a a a a a a a a a a a
Three Mile 0.10 0.60 2.70 0.86 a 0.50 0.96 0.20 0.40 a 0.50
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 Appendix B.  Continued (See page 53 for heading).   
 Catch-per-unit-effort 
Lake (County) BLB BLCA BLGA CRP LMBA WHCA OMNI BLCQ BLGQ LMBQ WHCQ
Thayer 0.47 12.25 1.50 0.17 4.00 0.00 0.64 0.00 0.00 4.00 0.00
Twelve Mile 0.05 2.78 1.44 5.20 79.75 1.33 5.25 1.67 0.33 25.75 1.00
Trumbull 0.24 0.00 0.00 27.14 0.00 2.10 27.38 0.00 0.00 0.00 0.20
Tuttle 108.47 0.00 0.00 9.71 0.00 0.57 118.18 0.00 0.00 0.00 0.33
Upper Gar 0.11 0.33 1.17 1.53 26.67 1.50 1.64 0.17 0.33 6.67 0.50
Union Grove 0.02 31.08 7.17 1.11 56.38 6.75 1.13 7.92 1.92 18.74 5.75
Upper Pine 0.00 4.67 8.67 1.58 125.33 1.50 1.58 2.00 4.00 34.67 0.67
Viking 0.10 7.29 4.52 0.00 44.00 0.46 0.10 1.17 2.17 5.33 0.29
Volga 0.00 29.33 11.83 0.51 71.81 0.75 0.51 2.67 0.92 8.88 0.67
Wapello 0.52 0.45 2.82 0.00 218.00 0.09 0.52 0.36 0.86 46.50 0.09
Willow 0.10 0.00 5.27 0.00 48.00 0.00 0.10 0.00 1.45 2.67 0.00
Wilson a a a a 167.73 a a a a 62.73 a
Windmill 0.00 0.00 0.33 0.00 115.73 11.33 0.00 0.00 0.00 12.48 7.67
Williamson Pond 0.20 15.50 16.50 0.00 136.00 2.33 0.20 0.17 6.50 40.00 1.17
White Oak 0.00 4.88 7.75 0.00 184.00 0.00 0.00 1.88 2.50 24.00 0.00
West Okoboji 0.24 0.40 4.00 0.48 15.07 0.00 0.72 0.35 1.27 6.00 0.00
West Osceola 0.04 9.40 13.48 0.00 114.04 0.68 0.04 0.38 5.00 55.68 0.42
Yellow Smoke 0.17 3.33 3.00 0.00 42.40 0.17 0.17 0.00 1.00 16.00 0.00
a Information unavailable 
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APPENDIX C.  GROWTH OF STUDY SPECIES 
Mean relative growth index (RGI = (Lt/Ls) × 100, where Lt is the observed length at age t 
and Ls is the predicted age-specific standard length) and time to reach quality length (years) 
for populations from 129 Iowa lakes sampled during 2001-2006.  Species include black 
crappie (BLC), bluegill (BLG), common carp (CRP), largemouth bass (LMB), and white 
crappie (WHC).   
 Relative growth index Time to reach quality length 
Lake (County) BLC BLG CRP LMB WHC BLC BLG CRP LMB WHC
Ahquabi a 102 a 94 a a 3.4 a 3.5 a
Anita 104 109 a 87 a 2.9 3.0 a 3.6 a
Arbor a 103 a 82 a a 3.2 a 4.9 a
Arrowhead (Pottawatamie) a a a 87 a a a a 3.9 a
Arrowhead (Sac) a 117 a a a a 2.6 a a a
Avenue of the Saints a 85 a 99 a a 5.0 a 2.9 a
Badger Creek a a a a a a a a a a
Badger 97 103 79 92 87 3.0 3.3 5.2 3.3 4.7
Beaver a 92 a 98 a a 3.8 a 3.1 a
Beeds 89 95 a 105 a 4.1 3.8 a 2.9 a
Black Hawk 119 106 102 108 a 2.1 3.1 3.6 2.7 a
Big Creek 119 101 116 100 a 2.3 3.6 2.9 2.8 a
Blue a 93 113 a a a 4.5 2.9 a a
Brushy Creek 116 101 a 102 a 2.2 3.4 a 2.9 a
Browns 107 108 92 99 110 2.6 3.2 4.3 2.9 2.2
Bob White a 87 a 101 97 a 5.0 a 3.0 3.4
Briggs Woods 93 97 a a a 2.9 3.5 a a a
Carter a 117 a a 104 a 2.7 a a 2.7
Casey a 96 a a a a 3.6 a a a
Center 95 110 107 98 a 2.8 2.8 2.8 3.1 a
Central a 113 a 87 a a 2.8 a 3.5 a
Clear 108 119 113 a a 2.6 2.5 3.1 a a
Coralville 104 98 82 105 114 2.8 3.8 5.2 2.8 2.4
Cornelia a 127 91 99 a a 2.3 5.3 3.3 a
Crawford Creek 98 91 a 93 a 3.2 3.9 a 3.3 a
Crystal a a a a a a a a a a
Cold Springs a 102 a a 120 a a a a 2.3
Darling a a a a 107 a a a a 3.1
DeSoto Bend 112 108 86 93 a 2.3 3.1 4.5 3.2 a
Dog Creek 92 86 a 93 a 3.7 4.3 a 3.3 a
Diamond 101 103 a 98 a 2.9 3.4 a 3.0 a
Dale Maffit a 81 a 71 a a 4.4 a a a
Don Williams 112 120 108 97 a 2.4 2.7 3.0 3.2 a
Easter 95 92 111 92 104 3.6 5.5 3.1 3.4 2.8
East Okoboji a a 115 98 a a a 2.8 3.3 a
East Osceola a a a a a a a a a a
Eldred Sherwood a 79 a a a a 4.9 a a a
Five Island 100 116 80 95 a 3.0 3.0 5.7 3.2 a
Fogle a 89 a 89 a a a a 3.6 a
Green Belt a a a a a a a a a a
Green Castle a 86 a 92 a a 4.6 a 3.3 a
Geode a 101 a 97 a a 3.4 a 3.3 a
Greenfield a 112 a a a a 2.9 a a a
Green Valley 125 114 126 106 a 2.0 2.9 2.0 2.8 a
George Wyth a a a 108 a a a a 2.7 a
 
59
Appendix C.  Continued (See page 58 for heading).   
 Relative growth index Time to reach quality length 
Lake (County) BLC BLG CRP LMB WHC BLC BLG CRP LMB WHC
Hannen a 123 a 88 a a 2.4 a 4.0 a
Hawthorn 115 109 a 99 110 2.3 2.9 a 3.1 2.3
Hendricks 110 90 a a a 2.6 a a a a
Hickory Grove a 118 129 97 123 a a 2.1 3.2 2.1
Hooper 114 107 a 93 a 2.2 3.0 a 3.4 a
Icaria 107 111 109 105 109 3.0 2.7 3.4 2.9 2.3
Indian a 123 a 101 a a 2.3 a 3.1 a
Ingham 108 a 77 a a 2.5 a a a a
Iowa 108 100 a 98 a 2.5 3.5 a 3.2 a
Keomah 107 106 a 94 a 2.8 3.1 a 3.5 a
Kent Park a 110 a 93 a a 2.9 a 3.6 a
Lower Gar a 113 a 93 a a 2.7 a 3.7 a
Lost Island 111 a 83 a a 2.7 a 5.7 a a
Littlefield a 110 a a a a 2.9 a a a
Lacey-Keosauqua a a a a a a a a a a
Lower Pine 96 90 a 101 a a 4.6 a 3.0 a
Little River a 114 100 103 122 a 2.7 3.6 3.0 2.1
Little Spirit 114 123 106 105 a 2.3 2.6 3.3 2.8 a
Little Sioux Park a 98 a a a a 3.5 a a a
Lake of The Hills a a a a a a a a a a
Little Wall 100 115 a a a 3.0 a a a a
Macbride 96 99 94 99 123 3.5 3.8 4.5 2.9 2.2
Manawa a 100 a a 114 a 4.9 a a 2.8
Manteno Pond a 97 a a a a 3.6 a a a
Mariposa 92 91 a a a 3.7 4.4 a a a
Meadow a 119 a 98 109 a 2.6 a 3.2 2.3
Meyers (Black Hawk) a 97 a a 138 a 3.3 a a 2.1
Meyer (Winneshiek) a 81 a 89 a a 4.7 a 3.7 a
Miami 107 108 a 92 108 2.5 3.0 a 3.7 2.2
Mill Creek a 94 90 93 a a 4.2 4.9 3.4 a
Mitchell Impoundment a 94 a 92 a a 4.2 a 3.3 a
Minnewashata a 104 a a a a 3.0 a a a
Moorehead a a a 109 a a a a 2.7 a
Mormon Trail a a a a a a a a a a
Nine Eagles 111 95 a a a 2.4 3.6 a a a
Nelson Park a 108 a a a a 3.0 a a a
North Twin a 162 101 a 105 a 2.2 3.5 a 2.6
Oldham a 108 a 91 a a 3.0 a 3.4 a
Orient 99 a a 94 a a a a 3.3 a
Otter Creek a 99 a 100 a a 3.8 a 3.0 a
Ottumwa Lagoon 84 a a a 104 6.3 a a a 2.8
Pahoja 89 99 a a a 3.8 3.6 a a a
Pierce Creek 96 a a a a 4.3 a a a a
Pleasant Creek 119 105 a 91 a a 3.2 a 3.4 a
Pollmiller a 95 a a a a 3.7 a a a
Prairie Rose 94 103 a 93 a 3.8 3.4 a 3.3 a
Rathbun a 98 a a a a 3.4 a a a
Rock Creek 115 112 101 100 120 2.5 2.8 3.4 2.9 2.3
Roberts Creek 104 108 101 102 a 2.9 3.3 3.8 2.9 a
Rogers a 115 a 94 a a 2.7 a 3.6 a
Red Rock 115 107 98 a 121 2.5 2.9 3.4 a 2.0
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Appendix C.  Continued (See page 58 for heading).   
 Relative growth index Time to reach quality length 
Lake (County) BLC BLG CRP LMB WHC BLC BLG CRP LMB WHC
Saylorville 121 93 94 94 129 2.2 a 4.2 2.9 1.9
Slip Bluff a 94 a 91 a a 3.8 a 3.7 a
Silver (Delaware) a 90 a a a a 2.8 a a a
Silver (Dickinson) a a 111 a a a a 3.1 a a
Silver (Palo Alto) a a 85 a 116 a a 5.4 a 2.1
Silver (Worth) a a a a a a a a a a
Smith a 101 a a a a 3.4 a a a
Spirit Lake 115 107 122 a a 2.4 a 2.2 a a
South Prairie 95 96 a 87 a 3.6 3.9 a 3.6 a
Spring 95 97 83 91 122 3.3 3.7 5.5 3.5 2.2
Springbrook a 99 a 84 a a 3.6 a 4.0 a
Storm Lake 110 a 82 a a 2.6 a 5.9 a a
Sugema a a a 95 a a a a 3.4 a
Swan 83 a 132 a a 8.1 a 2.2 a a
Three Fires 101 103 a 87 a 3.5 3.4 a 3.6 a
Three Mile 98 100 a a a 2.9 3.4 a a a
Thayer a a a a a a a a a a
Twelve Mile 116 110 133 113 119 2.7 2.9 2.0 2.5 2.4
Trumbull a a 122 a a a a 2.5 a a
Tuttle a a a a a a a a a a
Upper Gar a 99 a a a a 3.2 a a a
Union Grove 111 102 124 95 a 2.6 2.9 2.1 3.1 a
Upper Pine 95 83 123 99 a 3.8 5.0 2.2 3.0 a
Viking 98 113 a 91 93 3.6 2.8 a 3.4 3.4
Volga a 99 a 82 a a 3.8 a 4.3 a
Wapello 116 99 a 102 a 2.4 3.2 a 3.1 a
Willow a 103 a 90 a a 3.3 a 3.7 a
Wilson a a a a a a a a a a
Windmill a a a a 117 a a a a 2.2
Williamson Pond a 103 a a a a 3.3 a a a
White Oak 116 111 a 98 a 2.2 2.9 a 3.5 a
West Okoboji a a a 84 a a a a 3.8 a
West Osceola 109 107 a 100 a a 3.0 a 3.2 a
Yellow Smoke a 108 a 96 a a 3.0 a 3.3 a
a Information unavailable 
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APPENDIX D.  PROPORTIONAL SIZE DISTRIBUTION OF STUDY SPECIES   
Mean proportional size distribution (PSD = the number of fish of quality length or larger 
divided by the number of fish of stock length or larger, multiplied by 100) for populations 
from 129 Iowa lakes sampled during 2001-2006.  Species include black bullhead (BLB), 
black crappie (BLC), bluegill (BLG), common carp (CRP), largemouth bass (LMB), and 
white crappie (WHC).   
 Proportional size distribution 
Lake (County) BLB BLC BLG CRP LMB WHC 
Ahquabi a a 0 a 24 a
Anita 100 0 41 a 74 0 
Arbor 100 100 52 67 50 100 
Arrowhead (Pottawatamie) a 29 19 a 42 a
Arrowhead (Sac) a a a a a a
Avenue of the Saints 100 44 6 a 56 a
Badger Creek 100 40 47 a 55 59 
Badger a 30 54 0 46 65 
Beaver 60 55 52 a 86 a
Beeds 100 48 51 100 31 0 
Black Hawk 44 41 0 39 76 86 
Big Creek a a a a 69 a
Blue 0 0 0 71 100 50 
Brushy Creek 100 50 44 a 59 a
Browns 100 38 34 100 47 64 
Bob White 50 100 40 55 83 50 
Briggs Woods 100 41 42 100 80 a
Carter 45 16 55 100 93 86 
Casey a 54 42 a 10 100 
Center 100 81 0 a 88 a
Central a 67 56 a 40 a
Clear 99 71 35 100 100 100 
Coralville a a a a 59 a
Cornelia 50 0 31 100 16 0 
Crawford Creek a 53 62 a 32 25 
Crystal 40 a 100 65 100 100 
Cold Springs a 40 26 a 44 35 
Darling a 20 41 0 39 39 
DeSoto Bend a a a a a a
Dog Creek 93 56 17 a 72 a
Diamond 100 56 56 a 86 100 
Dale Maffit a a a a a a
Don Williams a 36 7 0 51 0 
Easter 100 5 10 67 61 14 
East Okoboji 100 0 40 100 67 100 
East Osceola 100 47 48 a 33 a
Eldred Sherwood a a 49 a 89 a
Five Island 92 23 38 86 87 67 
Fogle 100 29 52 a 28 a
Green Belt a 100 53 a 6 a
Green Castle 25 10 18 a 50 a
Geode a 100 53 a 42 a
Greenfield 100 100 40 a 74 a
Green Valley 100 59 75 75 25 100 
George Wyth 67 28 50 100 31 86 
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Appendix D.  Continued (See page 61 for heading).   
 Proportional size distribution 
Lake (County) BLB BLC BLG CRP LMB WHC 
Hannen a a a a 50 a
Hawthorn a 56 43 a 39 65 
Hendricks 100 43 17 a 73 a
Hickory Grove a 25 64 a 21 65 
Hooper 100 100 57 a 36 a
Icaria 67 a 0 a 65 80 
Indian a 60 65 0 50 a
Ingham 67 57 a 10 100 100 
Iowa a 94 49 a 35 a
Keomah a 35 53 a 54 50 
Kent Park a a a a 21 a
Lower Gar 100 67 40 91 83 60 
Lost Island 35 69 a 100 a a
Littlefield a a a a 41 a
Lacey-Keosauqua a 0 9 a 42 a
Lower Pine a 43 60 100 68 83 
Little River a 86 19 100 65 93 
Little Spirit 100 40 18 82 58 a
Little Sioux Park a a 30 a 15 a
Lake of The Hills a a a a a a
Little Wall a a a a 81 a
Macbride 0 53 49 60 65 81 
Manawa a 33 29 100 57 42 
Manteno Pond a 0 38 a 21 a
Mariposa a a a a 52 a
Meadow 100 a 55 a 46 29 
Meyers (Black Hawk) 50 0 29 a 47 44 
Meyer (Winneshiek) a 0 15 100 41 a
Miami a 29 41 a 48 40 
Mill Creek 100 43 43 37 65 86 
Mitchell Impoundment a 15 6 a 56 0 
Minnewashata 100 27 100 75 45 50 
Moorehead a 14 53 a 50 a
Mormon Trail a 0 0 a 22 a
Nine Eagles a 0 50 a 32 100 
Nelson Park a a 8 a 50 0 
North Twin 100 100 42 100 54 57 
Oldham 100 100 30 a 50 a
Orient 100 59 94 a 100 0 
Otter Creek a 50 53 a 48 0 
Ottumwa Lagoon a 22 40 51 64 24 
Pahoja 50 49 32 100 72 a
Pierce Creek a 18 0 a 100 45 
Pleasant Creek a a a a 67 a
Pollmiller a a a a 38 a
Prairie Rose a 47 27 100 55 a
Rathbun a 50 22 100 43 72 
Rock Creek a 42 50 75 57 52 
Roberts Creek a 43 7 100 38 83 
Rogers a a a a 37 a
Red Rock a 76 12 100 64 89 
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Appendix D.  Continued (See page 61 for heading).   
 Proportional size distribution 
Lake (County) BLB BLC BLG CRP LMB WHC 
Saylorville a 20 64 100 57 100 
Slip Bluff a 50 46 a 15 100 
Silver (Delaware) a a 44 a 0 a
Silver (Dickinson) 65 67 100 a a a
Silver (Palo Alto) 72 a a 89 a 100 
Silver (Worth) 76 a 0 a 100 a
Smith 22 33 28 a 39 a
Spirit Lake 88 29 18 60 0 a
South Prairie a 46 33 a 58 a
Spring a 40 49 a 50 75 
Springbrook a a 100 a 44 a
Storm Lake 57 44 100 55 0 100 
Sugema 100 67 14 a 69 0 
Swan 67 25 43 75 72 a
Three Fires a a a a a a
Three Mile 100 33 16 100 a 100 
Thayer 6 0 0 0 100 a
Twelve Mile 100 68 50 56 52 90 
Trumbull 0 a a 88 a 50 
Tuttle 0 a a 100 a 67 
Upper Gar 100 50 33 43 42 50 
Union Grove 100 73 39 100 40 76 
Upper Pine a 44 47 100 36 67 
Viking 71 37 45 a 50 64 
Volga a 48 12 60 35 67 
Wapello 100 80 37 a 54 100 
Willow 80 a 46 a 12 a
Wilson a a a a 66 a
Windmill a a 0 a 33 53 
Williamson Pond 100 9 42 a 57 58 
White Oak a 45 37 a 16 a
West Okoboji 93 75 48 78 63 a
West Osceola 100 12 52 a 60 65 
Yellow Smoke 100 0 38 a 50 0 
a Information unavailable 
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APPENDIX E.  RELATIVE WEIGHT (Wr) OF STUDY SPECIES 
Mean relative weight (Wr = weight divided by length-specific standard weight, multiplied by 
100) for populations from 129 Iowa lakes, sampled 2001-2006.  Species include black 
bullhead (BLB), black crappie (BLC), bluegill (BLG), common carp (CRP), largemouth bass 
(LMB), and white crappie (WHC).   
 Relative weight 
Lake (County) BLB BLC BLG CRP LMB WHC 
Ahquabi a a 99 a 94 a
Anita a 94 93 a 89 95 
Arbor a a 104 120 101 a
Arrowhead (Pottawatamie) a 98 90 a 93 a
Arrowhead (Sac) a a a a a a
Avenue of the Saints a 109 94 a a a
Badger Creek 99 92 92 a 99 93 
Badger a 106 105 95 100 101 
Beaver 91 99 96 a 109 a
Beeds 89 103 96 a 106 103 
Black Hawk 82 109 113 90 116 113 
Big Creek a 91 105 93 103 a
Blue a 105 95 74 112 101 
Brushy Creek 92 109 104 a 101 a
Browns a 106 110 90 109 103 
Bob White 74 a 98 79 111 85 
Briggs Woods a 94 95 108 103 a
Carter 79 93 109 93 111 86 
Casey a 109 107 a 99 a
Center 89 105 106 a a a
Central a 107 99 a 95 a
Clear 76 102 104 92 129 107 
Coralville a 92 97 a 103 86 
Cornelia 75 103 109 a a a
Crawford Creek a 94 113 a 111 102 
Crystal 82 a 109 96 119 106 
Cold Springs a 89 92 a 94 89 
Darling a 88 95 85 102 89 
DeSoto Bend a a a a a a
Dog Creek 90 103 101 a a a
Diamond 89 94 101 107 98 88 
Dale Maffit a a a a a a
Don Williams a 88 90 91 99 94 
Easter 74 97 94 91 94 89 
East Okoboji 83 a 104 105 105 a
East Osceola 83 107 108 a 98 a
Eldred Sherwood a a 99 a 101 a
Five Island 77 96 110 82 117 98 
Fogle a 93 89 a 94 a
Green Belt a a 89 a a a
Green Castle 72 75 85 114 99 a
Geode a 105 97 a 96 a
Greenfield a 96 93 a 103 a
Green Valley a 102 101 102 119 101 
George Wyth a 97 100 a 102 91 
Hannen a 114 106 a 101 a
 
65
Appendix E.  Continued (See page 64 for heading).   
 Relative weight 
Lake (County) BLB BLC BLG CRP LMB WHC 
Hawthorn a 90 100 a 95 97 
Hendricks a 114 111 a 105 a
Hickory Grove a 93 95 100 94 92 
Hooper 91 94 98 a 94 a
Icaria a a 100 88 103 89 
Indian a 108 116 116 118 a
Ingham 83 109 a 86 a a
Iowa a 99 98 a 94 a
Keomah a 96 105 a 90 a
Kent Park a 106 88 a 98 a
Lower Gar 88 93 103 103 116 103 
Lost Island 75 93 a 88 a a
Littlefield a 99 109 a 105 a
Lacey-Keosauqua a a 93 a 84 a
Lower Pine a 94 92 89 109 96 
Little River a 101 107 85 105 92 
Little Spirit 92 116 114 95 130 a
Little Sioux Park a a 89 a 96 a
Lake of The Hills a a a a a a
Little Wall a 91 105 a 107 a
Macbride a 99 96 93 98 94 
Manawa a 96 96 101 105 82 
Manteno Pond a 93 89 a 97 a
Mariposa a 72 92 a 92 a
Meadow a a 101 a 95 104 
Meyers (Black Hawk) 77 a 95 a 101 108 
Meyer (Winneshiek) a 93 90 a 96 a
Miami a 91 89 a 90 87 
Mill Creek a 91 87 79 a a
Mitchell Impoundment a 98 86 a 99 a
Minnewashata 84 111 104 106 118 106 
Moorehead a 103 94 a 104 a
Mormon Trail a a 88 a 96 a
Nine Eagles a 85 88 a 88 a
Nelson Park a 117 120 a 106 a
North Twin 83 107 119 96 111 107 
Oldham a 96 96 a 92 a
Orient a 91 93 a 100 a
Otter Creek a 98 91 a 96 a
Ottumwa Lagoon a 98 107 87 102 93 
Pahoja a 102 102 104 115 a
Pierce Creek a 96 94 78 96 81 
Pleasant Creek a 100 99 115 108 a
Pollmiller a 113 102 116 96 a
Prairie Rose a 89 88 86 95 a
Rathbun a 99 103 85 99 88 
Rock Creek a 96 106 90 98 96 
Roberts Creek a 97 97 88 105 97 
Rogers a a 107 a 98 a
Red Rock a 99 106 88 119 105 
Saylorville a 113 98 90 99 109 
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Appendix E.  Continued (See page 64 for heading).   
 Relative weight 
Lake (County) BLB BLC BLG CRP LMB WHC 
Slip Bluff a a 92 a 92 a
Silver (Delaware) a a 123 a 135 a
Silver (Dickinson) 90 105 a 100 a a
Silver (Palo Alto) 86 a a 89 a 97 
Silver (Worth) 79 a a a a a
Smith 82 a 100 a 115 a
Spirit Lake 95 107 110 110 a a
South Prairie a 94 93 a 94 a
Spring a 87 92 a a 89 
Springbrook a a 97 a 91 a
Storm Lake 86 112 112 84 a 108 
Sugema a 96 99 a 93 a
Swan a 98 113 85 115 a
Three Fires a a a a a a
Three Mile a 100 107 a a 93 
Thayer 84 97 95 81 a a
Twelve Mile a 90 102 89 101 87 
Trumbull 79 a a 87 a a
Tuttle 75 a a 92 a a
Upper Gar a a 107 104 89 113 
Union Grove a 94 106 96 110 97 
Upper Pine a 105 89 113 102 101 
Viking 91 92 89 a 99 83 
Volga a 108 100 106 97 109 
Wapello 96 92 101 a 87 a
Willow 88 a 96 a 96 a
Wilson a 107 95 a 103 a
Windmill a a 106 a 103 103 
Williamson Pond a 95 97 a 97 84 
White Oak a 107 100 a 101 a
West Okoboji 84 104 105 104 105 a
West Osceola a 99 92 a 102 100 
Yellow Smoke a a 110 a 101 a
a Information unavailable 
 
 
 
 
 
 
 
 
 
 
 
 
 
